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Valuable Group of Research Papers 


The important investigation reported in the paper 
entitled Constitution and Properties of Boiler Tubes 
was carried out because o° defeets which developed 
in tubes of the boilers” of 
the Park Place plant of the 
Detroit Edison Company, 
requiring replacement of the 
defective tubes, and conse- 
quently shutting down the 
boilers, not infrequently when 
a heavy load was on the 
plant. In consequence an 
extended investigation of the 
causes of the defects and 
possible remedies was carried 
out by A. E. White, Con- 
sulting Metallurgist of the 
Detroit Edison Company and 
Professor of Chemical Engi- 
neering at the University of Michigan. Professor 
White’s conclusions are of unusual interest to all 
engineers in the power-plant field. 

Prof. W. L. DeBaufre, now at the University of 
Nebraska, and the author of the paper on the Calibra- 
tion of Nozzles for Measuring Air Flowing into a 
Vacuum, was for a number of years one of the leading 
research engineers of the U. 8S. Naval Engineering 
Experiment Station at Annapolis, Md., While at the 
I’xperiment Station, he directed a long series of tests 





A. E. Wuirtt 


upon air pumps and condensers, during which it was 
desired to measure quantities of air by means of 
nozzles. This led to a separate investigation, which is 
reported in this paper. 

In making service tests on bearings used in sup- 
r axles, Kalman 
Heindlhofer gathered important information about 
the efficiencies of worm drives. Mr. Heindlhofer, 
for the past two vears Research Engineer for the SAE 


porting worms in motor-truck re: 


Industries, Ine., has in this issue, presented this 
material under the heading, Tests on Rear-Axle Worm 
Drives for Trucks. 

i:ffects of Fittings on Flow of Fluids through Pipe 
Lines is a paper containing data of great value in de- 
signing pipe lines. Dean KE. Foster of Tulsa, Okla., 
the author of the paper, is a consulting engineer In 
the oil fields. In the absence of readily available 
data, Mr. Foster made a careful study of the known 
facts about pipe fittings, and 
the present paper, which 1s 





the result of his study, sup- 
plies tables and curves for 
the ready use of the engineer. 

The results of a rather 
unusual and extensive in- 
vestigation of the Heat-In- 
sulating Valve of Cork and 
Lith Board are given by A. 
A. Potter, J. P. Calderwood, 
A. J. Mack and I. 8. Hobbs. 
A. A. Potter is at present 











head of the departnent of OU oo: 


Mechanical Engineering at 
Purdue University, but when 
the paper was prepared, was Dean of Engineering at 
Kansas State Agricultural College, where his co-authors 
are at present members of the faculty. 


D. E. Foster 


Experiences with Large Center-Crank Shafts 


A painstaking investigation necessitated by the 
failure of a center-crank shaft for a large gas engine 
is recorded by Louis Illmer in this issue. The stress 
diagrams and analysis of the effect of wear on the 
bearings will be of fundamental value to the designer 
of large machine parts. 


Principles of the Gyro-Compass 


The disturbing forces acting on the gevro compass 
when on shipboard are discussed in a paper by George 
B. Crouse, at one time an engineer of the Sperry 
Gyroscope Co. Mr. Crouse explains the principle 
of the gvro-compass and considers the major design 
problems, namely, compensation of disturbing forces, 
methods of suspension, and methods of damping. 


Standardization 


The fields open to standardization and the possi- 
bilities resulting from it seem unlimited. In fact, 
advance in engineering depends upon it. With em- 
phasis, therefore, attention is called to the matter in 
this issue relating to standardization progress. Space 
will be devoted each month to this important work of 


the various standardizing bodies 


Superpower 


1 l 


The word Superpower has caught the imagi: 
tions of engineers. The progress on the Superpower 
Survey and the preliminary steps leading to it are 
discussed editori 
furnished by W Ne) Niurt vy who is in charge of this 


lMmMportant work 


Books for the Engineer 
\ new feature in this issue is the book review 
contributed by Director Craver of the Engineeri 
Societies Library The engineer must read, but to 
read all technical works in his field is impossible 
Mr. Craver’s column will be of great : 


choosing the most helpful books 








1920 A.S.M.E. MEETING 
LOOMS LARGE 


The Engineering Societies Building, 
New York, will be the scene of four days 
of interesting events December 7-10. 

Tentative program will be found on 
page 647 of Section One of this issue. 


10th ANNIVERSARY MEETINGS 


Plans for big celebration on November 
5 are explained in Section Two of Me- 
chanical Engineering. Section Two also 
contains complete accounts of A.S.M.E. 
Affairs. 
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The Constitution 


Causes Underlying Defective Tubes 
Critical Point a Factor 
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Wl of the tubes which were replaced showed a thin but tough seat 
on the water sic This seale was calcium sulphate and was thi 
simply because the quantity of this salt in the boiler fee 
was relatively small and in plants operating under norn 
conditi would have warranted no consideration In the 
boilers. however, Which were of the Stirling water-tube type 
750 hp., the long periods of cold often necessitated i load ging 
80 per cent above the nominal rating fon periods extending 
times into as many as six days These load conditions while not 
apparently unusually exacting, were in reality very severe whet 
COgnIZANCEe Is taken of the fact that OS per c nt of the holler feed 


water Was raw water drawn from the city mains. 

There was no question but that the thin scale serio islv affected 
heat transmission and was one of the contributing factors leading 
to tube failure. Much research work was done on this phase of 
the proble m and it resulted in a decision to treat all of the water 
in the plant with soda ash Since this treatment has been in use 
practically all of the insolubles are caught in the live-steam puri- 
fier There is no seale in any of the tubes, although there are floc- 
culent particles of insoluble sodium carbonate circulating with 
the water in the boilers. This product, together with the other 
minor insoluble ones that may be present and the soluble salts, 
especially sodium sulphate, are kept down to harmless percentages 
by frequent boiler blow-offs. The Dionic tester is used as a 
guide, experience indicating that when it reads under 1800 no fear 
need be had of trouble resulting from foaming and priming. 


Consulting Metallurgical Engineer, Professor of Chemical Engineering, Uni 
versity of Michigan 

Abstract of paper to be presented at the Annual Meeting, New York, Decem 
ber 1920, of Tue AMERICAN SOCIETY OF MECHANICAL ENGINEERS 


All papers 
are subject to revision. 


November 1920 
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and Properties of Boiler Tubes 
Grain Growth under Temperatures below 
Higher Carbon Content Suggested 


ANN ARBOR, MICH 
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Fic. 1 Burst Tuspe rrom No. 7 Borter, Park Prace HeatinG PLANt, 
Detrroir Epvison COMPANY 


uting the radiant heat among a greater number of tubes, hoping in 
this way to increase tube life without, however, carrying the same 
to such an extent as to decrease the fuel economy or run into the 
smoke troubles coming from incomplete combustion, the front 
baffling was changed so as to lie between the second and third 
rows rather than between the first and second rows. 


This arrange- 
ment has been most beneficial. 


There has been no decrease in 
fuel economy nor increase in smoke nuisance and tube replace- 
ments have been materially lowered. 
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604 , MECHANICAL 


CONSTITUTION OF TUBES 


Under the third line of investigation listed above—the composi- 
tion and constitution of boiler tubes—the first step Was a study of 
the constitution of the metal in the tubes. This was undertaken 
for the purpose of ascertaining the effect of service conditions 
upon the types of tubes now employed. The metal in a very con- 
siderable number of tubes was examined metallographically, the 
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AVERAGE BorLer-TuBE Structure; MAGNIFICATION 100: Rose- 
HAIN-ETCHED 


etching mediums being the common nitric acid and the so-called 
Rosenhain. This latter deposits copper over the surface of the 
metal, giving an even coating when the distribution of the metal- 
loids is uniform; but when such is not the case, disclosing minutest 
segregations and imperfections most clearly by variations in the 
depth of the plating. 

Two photomicrographs showing the structure of a piece of 
boiler-tube metal which was selected as typical of the average of 
the majority of the sections examined, are shown in Figs. 2 and 3. 
The photomicrograph in Fig. 2 was taken after a sample had been 
etched in nitric acid, and in Fig. 3 treated with the Rosenhain 
reagent. It will be noted that the etching is uniformly distributed, 
indicating that the constituents are evenly dispersed throughout 
the metal. A clearly defined ghost line is brought out, resulting 
from phosphorus segregation, although more apparent in one re- 
sulting from the Rosenhain etching. There are also strikingly 
evident cavities or segregations which the writer has detected in 
many of the samples which he has examined. He considers this 
condition most serious and will further discuss it below. [In 
the pamphlet copy of the paper are other photomicrographs of 
samples representing the average of the best structure and of the 


poorest structure found among the different specimens.—Eprror. 
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Causes OF TuBE FAILURE 


On the completion of this preliminary survey attention was 
directed to the causes of tube failure. Excluding that due to im- 
perfect heat transmission resulting from seale, the writer believes 
that the principal causes can be listed under the following heads 
a Failure due to tube brittleness resulting from absorption by 
the metal of hydrogen and usually attributable to faulty 
boiler-feedwater treatment 

6b Failure due to blowholes or other imperfections in the metal 

ec Failure due to recrystallization of the metal. 

Tube Brittleness Resulting from Hydrogen Absorption. The first 
of these causes, namely, that due to tube brittleness resulting 
from the absorption by the metal of hydrogen, will not be developed 
in this paper. The facts are outstanding that contained hydrogen 
in metal makes it extremely brittle. The facts are further outstand- 
ing that certain types of water improperly treated, or all water 
excessively treated with certain types of boiler compounds, will 
With 
intelligent treatment, however, there need be no cause for concern 
over tube failure from this source. 

Failure from Blowholes. Failure from blowholes and other im- 
perfections, the writer believes, should receive greater considera- 
tion in the future than has been accorded it in the past. The 
matter of course goes back to the steel mill and calls for greater 
emphasis on quality and less on tonnage. 

A photomicrograph of a sample of metal containing blowholes 
is shown in Fig. 4. 


cause the tubes to absorb hydrogen and become brittle. 


The ghost line is evident and even a casual 
scrutiny reveals radiating lines issuing from the center of the cavity 
This condition is manifest in all of the photomicrographs taken of 
specimens with blowholes and indicates a lack of continuity of the 
metal. Should service conditions cause the tube to bag and 
should a cavity of the pipe shown in Fig. 2 be at the nipple of the 
bag, there is every reason to anticipate a bursting of the tube, 
with ail of the attending dangers and expense. 

Failure from Recrystallization. This matter merits much con- 
sideration. Reerystallization is accompanied by a marked de- 
crease in the elastic limit and fatigue-resisting properties of the metal 
manifesting this phenomenon. It will occur if steel with a low 
carbon content which has previously been mechanically deformed 
at a temperature below the critical is later heated for a sufficient 
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EXAMPLE OF BLOWHOLE, PREPARED FROM SECTION OF 
TuBe; MAGNIFICATION 100; Rosennatn-Etrcuep 


BoILerR 


time to any temperature below that at the critical. The common 
composition for boiler tubes is such that this class of metal is esper 
ially susceptible to this phenomenon. Mechanical deformation 
to some degree is unfortunately assured by present-day method 
of handling tubes, for at the mill tubes are straightened and in 
many cases actually brought to final size when below the critic: 
temperature. Tubes are often bent during fabrication and ere: 
tion and are universally rolled into the tube sheet when cold 
and the methods of cleaning tubes in service often employ forms 
of apparatus which produce local deformation by repeated hammet 
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blows. Finally, the time and temperature conditions required for 
recrystallization are present. 


Time-TEMPERATURE CRITERION FOR CrystaL GROWTH 


Heating of deformed metal to temperatures approaching the crit- 
ical, causes erystal growth in very short time periods. Corre- 


sponding growth occurs more slowly at lower temperatures, the 


time periods required for the same increasing very rapidly as the 
temperature to which the material is heated decreases. Values 
experimentally determined for temperatures from 550 deg. cent 
1022 deg. fahr.) to 675 deg. cent. (1247 deg. fahr.) for one set of 


conditions, are given by the following equations: 


T minutes ) Ss for 675 deg. cent. (1247 deg | 

r minutes ‘ > for 650 deg. cent 1202 ck og, { hr 

7’ (minutes S 3° for 625 deg. cent 1157 deg 

i- minutes s > for 600 deg. cent. 1112 deg 
or, in general, for temperatures below 675 deg. cent. (1247 deg. 
fahr 

T & xX 3” 

where 7 time in minutes 


temperature in degrees centigrade 
) 675 t 25 


That the normal method of handling boiler tubes results in me- 
chanical deformation and that this metal as a result, under the 


proper conditions of time and temperature, will develop large 
crystals, is shown in Figs. 5 and 6. Fig. 5. is from a photomicro- 
graph of a specimen of a tube which has been so deformed, and Fig. 
6 from a specimen after receiving heat treatment at a temperature 
below the critical which quickly developed grain growth. <A 
comparison of the grain sizes of the two samples indicates that the 
tube has been sufficiently deformed to respond to the laws of 
grain grow whe e proper conditions for tl ( t are 
present 
PuysicaL Tests 

| ? n tests nd fatigue ests wert 1 ae rit 
effect of coarse grains on thi physical pr yperties of the tubes. In 
each of the tension tests three samples per set were employed 
th t on metal received, the second on metal anne | for 10 
minutes at 950 deg. cent. or 1742 deg. fahr. and then cooled in the 
furnace and the third on coarse-grained metal produced by stress- 
ing all of the test specimens the same amount and in all « st 





the elastic limit and followed by an annealing for three hon 
iture of SOO deg. cent. or 1472 deg. fahr. In the 
tests ten samples per set were used because of the greater difficul- 


a tempel! fatign 
ties in a test of this kind in securing check results. 

The physical properties of the 
satisfactory metal. The tensile-strength and 
limit values of the “‘coarse-grain’’ samples’’ were 27.2 and 
per cent lower than they were for the “as received” samples and 
indicate, therefore, a decidedly inferior grade of metal. In the 
fatigue tests, also, the “coarse-grain’’ metal was 16.2 per 
poorer than the “as received,”’ and 48.70 per cent poorer than the 
“annealed” metal. 


“as received” samples showed 
elastic- 
5S.9 


average 


cent 


COMPOSITION OF TUBES 


In view of all of the conditions above pointedout there arose a 
question as to whether or not the present composition of boiler 
tubes, from the consumer's standpoint, was the most acceptable. 
Would there be a composition as easy to make from the producer's 
viewpoint, as easy to install, as resistant to the absorption of 
hydrogen, more strong, as free, if not freer, from blowholes, and 
above all less subject to recrystallization? 

This is a formidable set of conditions, and yet do not tubes 
with a carbon content between 0.30 to 0.35 per cent more per- 
fectly meet all of the above conditions than tubes with a carbon 
content ranging between 0.08 to 0.18 per cent? 

Tubes with this higher carbon range will not be appreciably 
more difficult to manufacture or to install and there is nothing to 
indicate that they will absorb hydrogen more readily. It should 
be possible to make them as free of blowholes; there is no ques- 
tion but that they are at least 40 per cent stronger as measured by 


} Recrystallization as a Factor in the Failure of Boiler Tubes, White and Wood 
Proc. American Society for Testing Materials, vol. xvi, pp. 82-116 
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Heat TREATMENT ON THE GRAIN Size oF 
SECTIONS ADJACENT TO TuPx Sueet; Ercuep tn Nitric 
MAGNIFICATION 100; Fig. 5, UNTREATED; Fic. 6, Heatep at 650 
Centr. FOR 15 Hours 
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AcID; 
Dec 


Fies. 5 anp 6 


On this last point the literature is suggestive, although there 
have been no pieces of work as yet published as far as the writer 
knows which give direct proof. 

In view of this condition, therefore, the following test was car- 
ried out to ascertain roughly the carbon range in which grain 
growth on deformed iron' when heated at temperatures below the 
critical range, occurred. Five irons were used with earbon varvy- 
ing from 0.006 to 0.315 per cent. Each of the samples was an- 
nealed so as to secure freedom from strains and obtain minimum 
grain size. This treatment was then followed by impressing a 
5-mm. ball on each specimen under a load of 3000 kg. Each 
sample was then heated for four hours at 675 deg. cent. or 1247 
deg. fahr., a temperature considerably below the critical for all of 
the carbon ranges present. The specimens were then examined and 
the average grain size in the section undeformed and in that por- 
tion of the deformed area showing maximum grain size compared 

The results given in Table 1 and shown in Fig. 7 indicate that 
iron in carbon ranges from 0.006 to 0.251 per cent, inclusive, 
undergoes a perceptible grain growth when treated as just de- 
scribed and that iron with a carbon content of 0.315 per cent is 


1 The word “iron” is used in its generic sense and is intended to include steel and 
what is commonly called ingot iron 


(Continued on page 618 
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Calibration of Nozzles for Measurement of Air 
Flowing into a Vacuum 


By WM. L. DE BAI 


The following paper is based upon an investigation of the flow of an 
elastic fluid through nozzles having well-rounded entrances, the effects of 
frictional resistance and of moisture in the atmosphere when the fluid 
is atmospheric air being taken into account It is shown that the rate of 
this result being based 
The paper includes a description 
and the results obtained 


Formulae employed in the calculations are also derived and the theory in 


flow of dry air decreases with increases of moisture 
upon a series of tests on metal nozzles 
of the 


nozzles, the method of calibrating them 


volved is outlined 


| RING, some tests of Ir pumps, condensers, ete conducted 
it the U.S. Naval Engineering Experiment Stat Ann- 


Mad., it was desired to measure quantities of ait 
means of nozzles, the air flowing from the atmosphere through 
the nozzle into a vacuum. The problem was therefore to make 

number of nozzles having orifices of suitable areas and to cali 
Dbrate them, rather than to investigate correction tactors for nozzk 
of different shapes. The following paper is based upon a repor 
submitted on this work, and includes not only a description 
the nozzles constructed, the method of calibration and the results 
obtained, but also the formule and calculations to be used. The 
complete paper from which this was abstracted contains a deve lop- 
ment of the formulwe and the theory involved 

DESCRIPTION OF THE NOZZLES 

Twenty monel-metal nozzle plugs were made of the general 
shape shown in Fig. 1-A. Monel metal was selected as it is prac- 
tically non-corrodible and takes a high polish. The plugs were 


thre ack d 
being used to 


with l-in. pipe thread, a standard ring thread gage 
secure interchangeability It 


these plugs in a soft brass bushing as shown in Fig. 1-B in order to 
thr t} reads 


was intended to 


use 


preserve as long as possible The threaded joint be- 
nd bushing was made tight with asphaltum 
nd the 1l-in. pipe thread permitted 


the use of a maximum diameter of 1 in. for the 


tween plug a 
ach plug was 1' , in. long, : 


orihnee through the 


pl ig An entrance curve to the orifice was selected as shown in 
Fig. 1-C, « tructed of two ares approximating an ellipse This 
entrance curve take up three-tenths of the length of the’ nozzl 
leaving in the case of the l-in. orifice a straight portion seven- 
tenths of the nozzle length. The cross-section of all nozzles having 
orifices less than 1 in. in diameter are made geometrically similar to 
the l-in. nozzle by counterboring the plug. In all nozzles, there- 
fore, the length of the straight portion is seven-eighths its diameter, 


and the length of the entrance portion is three-eighths its diameter 

The diameters of the correspond to 
standard drill sizes and to give convenient increments in area as 
given in Table 1. they were 
drilled '/3. in. smaller in diameter and reamed to size. The en- 
trance surface was rubbed down with emery cloth to templet 
giving the nozzle a highly polished appearance. 

[Eprror’s Nore: At this point in the complete paper the author 
discusses the theory of air flow through nozzles. He first de- 
velops equations for frictionless flow when no heat is imparted to 
or received from the flowing fluid by the nozzle. He next develops 
equations for flow which is not frictionless and shows that the 
coefficient of resistance depends upon the diameter and length of 
the nozzle, and for a given nozzle is therefore constant. He also 
shows that with a constant coefficient of resistance in the relation 


orifices were selected to 


except for the sizes below ' , 1n., 


Pir" = pr.” 

the exponent n can be taken as a constant and should evidently be the 
same for geometrically similar nozzles. The efficiency N of the nozzle 
he defines as the ratio of the kinetic energy actually possessed by 
1 Chairman M. E. Dept., Univ. of Neb., Mem.Am.Soc.M.E 
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tained gratis upon application. All papers are subject to revision 
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15 9/16 in 0.56823 301.00 67.00 
16 5/8 in 0.61981 358.10 79.70 
17 11/16 in 0.68735 403.90 R9 900 
18 4/4 in 0.74950 §23.70 116.50 
19 7/8 in 0.87595 715.20 159.10 
20 l in 0. 99RBR5 930.00 206.90 
Note.—Capacity based on dry air at 70 deg. fahr. and with an initial pressure 


of 29.92 in. mercury and a final pressure less than 15 in. mercury 


covered face fitted evenly over the face of the plug. The valve 
was held tightly closed by a hand nut screwed on a stud in the 
tank. 

The atmospheric pressure was indicated by a mercury barometer 
hung on a nearby wall, and the vacuum within the tank was 
measured by a mercury gage M (see Fig. 2). The latter was of 
the floating-scale type, consisting of a cast-iron float with a brass 
scale attached thereto. The float rises or falls with the mercury 
in the cistern so that the zero of the scale always corresponds with 
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MECHANICAL 
the surface of the mercury. The difference between atmospheric 
pressure and the absolute pressure in the tank was 
obtained by a single reading 


therefore 
the height of the upper end of the 
column of mercury in the gage glass, obtained by means of a sliding 
index. Only one side of the column was used, it being of the duplex 
type. A thermometer was hung on the column to obtain its tem- 
perature. 

The temperature within the tank was obtained from the re- 
sistance of a copper wire (No. 36 B. & 38. Gage) strung from top 
to bottom of the tank six times and distributed across a diameter 
as shown at W in Fig. 4. This figure also shows diagrammatically 
the arrangement of the bridge used to measure the resistance of 

















Fic. 2 
A, Tank; M, Mercury Gage; N, Nozzle; H, Exhauster 


APPARATUS Usep For TESTS 


the wire W. The leads L; were of No. 12 copper wire, with com- 
pensating leads L, of the same size and length. 

The temperature and humidity of the atmospheric air flowing 
into the nozzle under calibration were determined from readings 
of dry- and wet-bulb thermometers placed in the suction duct of a 
small exhauster H (Fig. 2). The wet bulb was moistened by a 
cotton wick which dipped into one leg of a U-tube kept filled with 
water. By raising or lowering this U-tube, the cotton wick could 
be kept just sufficiently moist around the thermometer bulb, a 
drop of water occasionally falling from its lower end. 

The evacuation of the tank was accomplished by a Westinghouse- 
Leblane air ejector connected to the tank at D (Fig. 4) While 
the tank was being exhausted, valves C and D were open and valve 
E was closed. When the desired vacuum was attained, valves 
(and D were closed and valve F was opened to admit water from 
the vessel F to water-seal valve D 


MetsHop or ConpuctTInG TEstTs 


The nozzle to be calibrated was first mounted in place, the valve 
adjusted to cover the nozzle squarely and the hand nut screwed 
down to hold the valve tightly closed. The tank was then ex- 
hausted by the ejector to a vacuum of 28 to 29 in. of mercury and 
the intervening valves closed and water-sealed. The tank was 
then allowed to stand overnight in this exhausted condition in 
order to insure that a portion of the water previously put into the 
tank would have time to evaporate and saturate the interior space. 
It was found necessary to add water in order to replace the moisture 
withdrawn with the air by the ejector; and if sufficient time were 
not allowed for the water to evaporate, the vapor pressure 
taken from steam tables to correspond to the temperature within 
the tank would be greater than the actual existing pressure, thus 
indicating that the space was not saturated with water vapor. 

In order to obtain some idea of the weight of water required to 
be put into the tank, a curve was derived to give the actual volume 
of air removed at a continuously decreasing pressure according 
to the relation 
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P. yy 
log. mare : er | 
vy pP 
in which total volume of air removed 
v7; volume of tank 
P: = initial pressure in tank 
Pe final pressure in tank. 


The application of this formula may be shown by an example. 
Thus, if the tank is exhausted from an atmospheric pressure of 
30 in. mercury to a vacuum of 29 in. mercury, we shall have 

c = 30 
ry =30—29 
and from the formula or curve 
U, 
Vi 
The volume of the tank as determined by calibration with water 
was about 865 cu. ft Hence 
3.41 X 865 = 2950 cu. ft 
This will also be the volume of the water vapor removed; and as- 
suming it to be saturated steam at a temperature of 70 deg. fahr 
with a corresponding density of 0.001148 Ib. per cu. ft. (taken from 
steam tables), we find 3.4 lb. are withdrawn. Accordingly, about 
5 lb. of water was put in the tank before exhausting each time 

Allowing the exhausted tank to stand overnight did not always 
insure saturation, and before taking readings the nozzle was opened 
to admit atmospheric air until the absolute pressure within tank 
doubled; that is, the vacuum dropped from say 20 to 28 in. mercury. 
The moisture brought in from the atmosphere together with the 
vapor in the tank insured saturation 

Each calibration run, during which the air nozzle under cali- 
bration Was open, Was preceded and followed by a leakage x riod. 
During the initial leakage period, readings of the barometric pres- 











Fic. 3) SpectaL VALVE FoR CLOSING Nczzur 


sure, the vacuum within the tank, and the temperature within 
the tank were taken at intervals of 3 min. for a duration of 30 min. 
Then the nozzle was quickly opened at a given second to start 
the run and readings of the barometer, mercury column and wet- 


TABLE SUMMARY OF RESULTS 
Nozzle Average Average Average Weight 
Nozzle Diam Number Weight- Expansion Flow Efficiency 

Number In of Runs Flow Factor Exponent Per cen 
1 0.08537 i) 3.646 1.349 93.86 
2 0.11239 6 3.786 1.378 97 48 
3 0.15683 12 3.770 1.375 97 .O8 
1 0.19653 4 3.824 1.387 98 46 
5 0.22671 5 3.853 1.393 99 20 
6 0.24944 2 3.768 1.375 97.02 
7 0.27721 4 3.834 1.389 98.72 
8 0.31527 2 3.748 1.370 96.49 
9 0.34385 4 3.791 1.380 97.61 
10 0.37490 2 3.776 1.376 97.22 
11 0.40600 2 3.779 1.377 97 .28 
12 0.43822 4 3.767 1.374 96.98 
13 0.46755 2 3.774 1.376 97.16 
14 0.49895 2 3.781 1.377 97.35 
15 0.56823 2 3.759 Bk 96.77 
16 0.61961 2 3.831 1.388 98.64 
17 0.68735 2 3.791 1.379 97.61 
18 0.74950 1 3.636 1.346 93.61 
19 0.87595 1 3.790 1.379 97.58 
20 0.99885 l 3.728 1.366 95.98 


and dry-bulb thermometers taken at intervals of 30 sec. The 
run was ended by quickly closing the nozzle a certain number of 





ree is 
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minutes after opening it, the length of the run depending upon the 
size of the nozzle. A short run was necessary with the larger 
nozzles in order to prevent the pressure within the tank rising 
above the critical value The final leakage period began at the 


time the nozzle was closed and continued for 30 min 


TABLE 3 VALUI OF WEIGHT-FLOW FACTOR FOR VARIOI UNI 





Weight Orifice Initia Initia Numerical 
Flow \rea Pre ir Density Value of 
G I f j I tor y 

lb. pet t m i. ft | 

Ib. per p j. In pe + 

Ib. pe i inche nercur per « 

Ib. per h t Ib. pe j. ft b. 4 f ¢ 

Ib. per | n Ib. per sq. in bh per f 

Ib. per I 11 hes mercur p ) ) 

kg. per hr j. cI mm. t ury k I 61 

TABLE 4 VALUI OF WEIGHT-FLOW FACTOR FOR VARIOI UNI 
Weight Orifice Initial Initia " 
Flow Area , sure T peratur Va rf 

& / f I ¥ 
per per sq. ft d il 
[ in b. per sq. in i fal 
per 1 i t erect lex. tah 
per hr q ft Ib. per sq. ft deg. fahr 3 ¢ 
per hr j. in Ib. per sq. in deg. fahs 
per hr in inches mercury deg. fahr 
kg. per hr j. cm mm mercury 1 t 8.458 


CALCULATION OF RESULTS 


The details of the method employed in correcting the data and 


deducing the results are illustrated and explained in the Appendix 
of the complete paper for Run 1 of Nozzle 1 lo obtain the dry 
ur density in the tank the temperature and pressure ol t 

f leakage intervals preceding id | ing 

plotted as show Fig. 5 and the ealeulat ‘ the rve 
rather th directly upon the bser | \ rve 

plotted eight-flow tor ¥ to expansion ¢ ent s 
enable item 25 being obtained from item 24. and in Table 2 ther 
! been tabulated for each nozzle the average values of the weig 


ae 
flow factor, the expansion exponent, and the weight-flow efficien 


The number of runs made on each nozzle is also given. It will be 
noted that the calculations were based upon the pressure and 
temperature within the tank before the nozzle was opened and 
alter 1t was closed, when the conditions were static, rather thar 


upon the pressure and temperature, while the air was flowing int 
the tank 


Assuming all the individual runs to be 


equal weight i 


























hic.4 Diagram SHowinG Metuop EmpLoyep TO MEASURE TEMPERATt RE 
WITHIN TANK 


plying the formula for the probable error of the mean value, we 
obtain the expansion exponent n 1.3747 + 0.0013, and assuming 
the average values in Table 2 for the several nozzles to be of equal 
weight, we obtain n 1.3753 += 0.0018. The probable error for 
“ single run and for a single nozzle are, respectively, +0.0107 and 
«0.0078. That is, for carefully made nozzles geometrically 
similar to those tested, the value of n will probably be within 0.010 
of 1.375 if the observations are taken as carefully as during this 
calibration test. The corresponding value and accuracy of the 
weight-flow efficiency are 97.1 + 1.2 per cent 
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Corresponding to the expansion exponent ? 1.375, the m 


merical value of the weight-flow factor ¥ in the formula 
(; 
y pa 


will depend upon the units in which the several quantities G, F, 


p and d are expressed, as indicated in Table 3 
lor final pressures greater than the critical pressure, that i 
greater than 0.5: 


) 


33, the factor will be reduced as given by the solid 
curve Fig. 6, for the units in the sixth line of Table 3 
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n 1.375 
Changing the above formula into the form 
G y¥ p 
I VR V458.5+ 1 
also changes in certain cases the numerical value of y for the same 


units of G, F, p and t, as shown in Table 4 

For pressure ratios greater than 0.533, the dotted curve in Fig. 6 
gives the reduced values of y corresponding to the units in the sixt! 
line of Table 4. 

The value of the constant R depends upon the ratio of wate: 
vapor to dry air in the fluid flowing through the nozzle and the 
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Experiences with Large Center-Crank Shafts 


By LOUIS ILLMER;,! 


This paper is descriptive of some disastrous experiences with a number 
The shafts were 


mounted upon three-point bearing supports and carried a heavy flywheel 


of large gas-engine shafts of the center-crank type 
between the intermediate and outboard bearings. The stress diagrams 
show that this mode of support is likely to set up a pernicious interaction 
of bearing load, culminating in excessive wear in the intermediate main 
bearing 

When the wheel shaft lacks adequate stiffness, the appreciable lifting 
action at the free end of the web portion of a center-crank shaft may exert 
a considerable thrust against the cap of the aligned outer main bearing, 
which in turn reacts upon the intermediate journal, causing it to become 
overloaded. The resulting rapid wear in the intermediate main bearing 
reduces the upward cap thrust and this drop in alignment gradually re 
lieves the intermediate bearing of overload. Further wear causes a portion 
of the downward load on the intermediate bearing to be transferred to 
the outer main bearing. It was found that when this readjustment is 
complete, the downward load upon the two main bearings becomes approxi 
mately equalized. The considerable sag required to attain this state of 
equilibrium as to wear, involved running under stress conditions so severe 
as to lead to ultimate breakdown of the wheel shaft. 

In order to keep the wheel-shaft stress within desired limits under load 
conditions found in these engines, it finally became necessary to enlarge 
3/9 of its original diameter, thus making 
its dimensions fully as large as required for side-crank construction. It 


the intermediate main journal to 


was found to be expedient to make a careful analysis of the underlying 
stress conditions so as to insure a proper margin of safety in both the web 
and wheel parts after allowing for the lengthening of the span between 
the wheel supports due to excess wear in the intermediate main bearing. 


EVERAL years ago a series of disastrous center-crank shaft 
failures occurred in a 1200-kw. gas-power plant which the 
author investigated and in which he found that the wheel 

shafts were entirely too light for the load they had to carry. 

The gas-power plant comprised three 25-in. by 43-in. 500- 
b.hp. double-acting producer-gas engine units, each driving a 400- 
kw. 25-cycle three-phase alternator at 100 r.p.m. The engines were 
of the direct-connected horizontal type, provided with a massive 
flywheel. The shafts were of the single-throw center-crank type, 
as indicated in Fig. 1, having a tensile strength of about 65,000 
lb. per sq. in. 

After being in 24-hour-a-day service for some four or five years, 
one of the shafts unexpectedly gave way near the flywheel hub, 
allowing the armature to drop and thus completely wreck its 
generator and heavy wheel, and in other ways doing serious damage. 

In order that the cause of this and similar shaft failures might 
be intelligently arrived at, a series of sag determinations was con- 
ducted on the wheel shaft and a thorough technical investigation 
made of the underlying stress conditions. 

The three-point shaft support for the heavy flywheel was found 
to set up a pernicious interaction of load which led to excessive 
wear in the intermediate main bearing. This resulted in the length- 
ening of the effective shaft span, which in turn produced sag stresses 
of such magnitude as to cause ultimate rupture of the shaft. 

The inadequacy of a center-crank shaft for carrying a heavy 
wheel is made evident in the accompanying deflection diagrams. 
An excessive wheel-shaft deflection puts a large upward thrust 
against the outermost main bearing cap. The reaction af this 
thrust upon the intermediate main bearing may become so large 
as to squeeze the babbitt lining out of the bearing shell, in which 
event the resulting drop in this vital support allows the shaft to 
run with an excessive sag between the outermost main bearing 
and the outboard bearing. Thus the shaft stresses may be in- 
creased far beyond those usually anticipated by the engine builder, 
and if allowed to continue can readily cause the metal of this shaft 
to undergo such rapid fatigue as to lead to shaft rupture. 


1 Oil Eng. Expert, Southwark Foundry & Machine Co., Mem.Am.Soc.M.E. 
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The matters of fixed stress limits and requisite factor of safety 
underlying good shaft design are rather fully discussed in the 
Appendix accompanying the complete paper 


CRANKSHAFT STRESS DIAGRAMS 


The shaft outline and load conditions under which the original 
A-A indicates 
the location of the wheel-shaft failure, its relative position being 
these shafts. 


shafts operated are shown in Fig. 1, in which the line 


almost identical in three of The journal portion of 


the shaft was carried straight up to the wheel hub but as indicated 
by the dotted outline in Fig. 1, it was entirely feasible to enlarge 
the shaft immediately after clearing the camshaft gear. Had 
this been done originally, it would have obviated the worst of the 
peak stresses shown in the diagram. 

The original shafts were excessively loaded by a massive fly- 


wheel weighing about 73,000 Ib., and by an armature of about 
13,000 Ib., to which should be added an assumed magnetic pull 
of about 10,000 Ib., 
The location of those weights is shown in Fig. 1, and their relative 
magnitude is indicated by varying line lengths, extending downward. 

In making 
manner, it may be assumed that the wheel shaft is pin-supported 


on the basis of ! in. armature displacement. 


a preliminary stress analysis, in the conventional 


between the intermediate main bearing I and the outboard bearing 
Ill. The resultant wheel-shaft load P 96,000 Ib., 
downward, causes the shaft to deflect, thus putting the 
fibers in tension and the top fibers in compression, The rotation of 
the shaft sets up a reversal of stress with each revolution. 

In addition to these alternating stresses, the 
to a negligible shear stress due principally to the weight of the wheel. 
In a horizontal engine the effect of the connecting-rod thrust in 
producing an increase in the wheel-shaft stress may be sufficiently 


acting 


bottom 


shaft is subject 


allowed for by taking into account only the twisting stress resulting 
from the transmission of power to the generator. 
The effect of this twisting best be 
the bending moment as indicated in the stress curve in Fig. 1. 
It will be seen that while the original wheel-shaft strength lacks 
uniformity, the maximum stress estimated on this preliminary basis 
the 


action may combined with 


reaches a peak value of only about 10,000 Ib. per sq. in. near 
point of rupture. 

Assuming the wheel to be perfectly balanced and the shaft 
to run true, the basic or net factor of safety for this shaft, as de- 
termined by the Appendix, appears to be equal to about 2.2, 
against a minimum stipulated factor of three. It is evident that 
this minor difference is insufficient to account for the wheel-shaft 
failure, but the diagram does show that this conventional mode 
of checking center-crank wheel-shaft stresses canno* be relied upon 
to bring out the cause of rupture. 

Errect oF THREE-PoINT SHAFT Supror' 

In order to arrive at the cause of the present shaft failure, it is 
necessary to take into account the interacting effect of the three- 
point shaft support. Assuming all the bearings to be in perfect 
alignment, it will then be found that the excessive wheel-shaft 
deflection produced by the massive flywheel, puts a 20,000-lb. 
upward thrust against the cap of the outermost main bearing II, 
which in turn reacts upon and so overloads the intermediate bearing 
as to squeeze out its babbitt. As indicated in Fig. 2, the drop in 
this vital support causes sag stresses to be set up that more than 
double the peak stress previously determined by the preliminary 
stress check represented in Fig. 1. 

The estimated stress relations shown in Fig. 1 assume the original 
wheel shaft to be pin-supported between bearings I and III only, 
a condition that is approximated when the cap is removed from 
the outer main bearing IT. 

The cap thrust of 20,000 lb. reacts to effect 
downward load of the intermediate bearing. With the cap II 
forced into place under conditions of perfect alignment, the re- 
sultant downward pressure in the main bearing I is approximately 
400 Ib. per sq. in., and if to this the downward centrifugal force is 
added, a maximum pressure of about 500 lb. per sq. in. of net pro- 


an increase in the 
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jected area is reached. Such a heavy bearing pressure fails to load by lowering its alignment with respect to the end supports 


distribute uniformly and the consequence Of excessive loading is to of the shaft. 


10400 Lb [54 in. Alternate Stress 
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Fic. 2. DiaGram For SHarr Worn To State or Equiuipricm 


queeze the babbitt out of the intermediate shell. The resulting 


it The dropping of the intermediate bearing support has the further 
ipid wear serves, to relieve the intermediate bearing of its over- 


effect of reducing the upward thrust against the bearing cap II, 
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and as the downward forces undergo readjustment by continued 
wear, the outer main bearing II will gradually assume an increased 
portion of the downward shaft load. Experience shows that when 
the load upon each of the main bearings becomes approximately 
equal, a condition of stable equilibrium will have been established. 
after which the two main bearings continue to wear down together 
at a more or less uniform rate. 

In order to attain such a state of equilibrium, the shafts must 
suffer undue deflection as indicated in Fig. 2. Experience further 
shows that when starting with newly aligned bearings this condition 
is reached in a remarkably short time, being approximately 30 days 
of continuous operation under the existing load conditions. The 
corresponding wear in the intermediate bearing was found to be 
about 4, in. in this brief period, as against a normal wear of say 

6: in. to '/32 in. per year for continuous running 

Fig. 2 also shows the marked effect which the dropping of the 
intermediate bearing support has in enlarging the effective shaft 
span and thus largely increasing the bending stresses. 

These high sag stresses have been checked by comparing the 
estimated deflection curve FE with the actual wheel-shaft sag as 
taken off one of the original shafts. The deflections were de- 
termined by means of a pin gage and these measurements were 
corrected for the sag of the reference cord. Thus the actual shaft 
sag, measured at the center of the intermediate main bearing, 


cls) 


was 
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OF SHAFT 
found to be about 0.16 in. lower than the end supports, as agai 
an estimated value of about 0.14 in. 

The calculations show further that after reaching the afore- 
said state of equilibrium, the estimated maximum pressure acting in 
the main intermediate bearing is reduced to about 218 lb. per sq. in. 
of projected area, which can readily be sustained without excessive 
wear. Under these conditions the shaft suffers a maximum bend- 
ing stress of about 26,600 lb. per sq. in., and it is found that this 
peak practically coincides with the point of rupture. This ex- 
tremely high stress is still further increased when combined with 
the crank twisting stress. 


DETRIMENTAL Errect oF HEAVY COUNTERWEIGHTS 


The massive counterweights with which these engines were 
provided were designed to balance the inertia effects of the heavy 
reciprocating parts, averaging about 115 lb. per sq. in. of piston 
area. When the centrifugal force acts upward, a maximum bend- 
ing stress of 16,300 lb. per sq. in. results, while for downward action 
the bending stress is increased to about 26,600 lb. per sq. in. Com- 
bining these high stresses with the maximum twisting stress 
without allowing for shock or preignition, an equivalent maximum 
tension stress of 27,000 lb. per sq. in. is produced in the outer shaft 
fiber, and when this same fiber turns through 180 deg., it is subjected 
to a compressive stress of about 16,700 lb. per sq. in. 

The corresponding ratio of fmin. to fmax. for this partially reversing 
stress is about 0.62 as defined in the Appendix, and the total 
stress range that this surface fiber undergoes during each revolution 
is about 43,700 lb. per sq. in., a limit far in excess of that which 
the metal can continuously endure. Checking this result on the 
basis of the formule given in the Appendix, the allowable stress 
range for unit basic factor of safety for 65,000-lb. T.S. steel is 
about 39,000 lb. per sq. in., which corresponds to a tension stress 
limit of about fmax. = 24,000 lb. per sq. in. The net or basic factor 
of safety in the original wheel shaft is thus found to be about 
0.9, i.e., less than unity, for which the corresponding excess ten- 
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sion stress becomes equal to about fex. 27,000 — 24,000 = 3,000 
lb. per sq. in. 

No record has been kept as to the running time actually required 
to rupture the original shafts, but judging from the average period 
of operation of these engines, it is probable that each of the de- 
fective shafts made between 100,000,000 and 150,000,000 revolu- 
tions prior to failure. 

As based upon Stromeyer’s fatigue formula as given in the 
Appendix, the excess stress fix. required to produce rupture in 
the stated number of revolutions would lie between 2700 and 3000 
lb. per sq. in. for an alternating-stress cycle. Accordingly, it would 
appear that the stress curves shown in Fig. 2 have been closely 
estimated and that the original shafts must have been subjected 
to a maximum tension stress approaching the elastic limit of the 
shaft material. 

The character of the ruptured section of these shafts is shown 
in Fig. 3. The high alternating stresses set up in the outermost 
fibers undoubtedly produced gradual fatigue, which led to a rupture 
of the surface metal. This irreparable damage greatly weakened 
the shaft, and as the rupture crept inward, a point was finally 
reached where the shaft could no longer bear its load. 

The fact that three of the original shafts became defective in 
practically the same place and that each shaft proved serviceable 
for a period approximating three years virtually precludes a defect 
in forging but points rather to improper shaft design as the cause 
of the mishap. In fact, it now appears that the ultimate failure 
could have been foretold had the underlying stress relations been 
analyzed in the manner advocated before deciding upon the final 
shaft dimensions. 


Transporting Freight in Interchangeable 
Containers 


A long tep tow ird re lieving the tense situation in the tr inspor 
tation lines of the country appears to have been made by the 
River and Rail Transportation Company of St. Louis, Mo. This 
‘ompany has developed an nterchangeable metal container, 
termed “Trinity Freight Unit,’ for facil-tating the transfer of 
goods at terminals. Railway Age for S ptember 24 describes this 


container freight Merchandise | is 


placed in the container at a manufacturing plant or in a 


System Ol transportation 
warehouse 
and then, locked and sealed, the container is transport d by motor 
truck to a railroad, or to a waterway, where it is transferred to a 
flat car or to a boat without rehandling the materials. 

The complete unit includes a specially constructed flat car, 
which differs from those now in use on the railroads of the United 
States only in providing a means of 
fast to the platform of the car. Estimates, based on present prices, 
place the cost of equipping a car with five 10-ton units at $1000. A 
flat car having these special features may be buil= for the same cost 
as that required for an ordinary flat car, or existing flat cars may 
be altered to carry the containers at an approximate cost of $250. 

Containers made in a number of different ways are provided for 
carrying various kinds of material. A type is designed with 
side-opening doors for package freight, another with top doors and 
drop bottom for loose bulk freight, and there are other types for 
refrigerator service and for carrying liquids. 

The units are made in capacities of 2'/, tons and 10 tons each 
and are proportioned so that five 10-ton units, or twenty 2'/.-ton 
units, or several units of both capacities, and for any of the different 
classes of freight, can be carried on a flat car of 50 tons capacity. 
They are rectangular in form and are substantially constructed of 
steel plate rigidly reinforced with angle irons to withstand the 
strains due to the weight of the contents and the transferring of the 
unit from one vehicle to another. 

The system has already been tried and proved successful. The 
United States Railroad Administration adopted it to facilitate 
water-rail shipments of war supplies. Twenty of the 10-ton 
package units were built and gave satisfactory service in the New 
Orleans district in handling package freight. Estimates based on 
the performance of these units indicate that the handling of freight 
is not only greatly expedited but can be handled at from 300 to 
100 per cent less cost than with any of the present methods. 


clamping the containers 























Tests on Rear-Axle Worm Drives for Trucks 


By KALMAN HEINDLHOFER,' PHILADELPHIA, PA 


In this article is recorded a series of tests on worm drives used in the and the middle knife edge being supporté d on the pl tform scales 
rear axles of motor trucks to determine the efficiencies under load varia A counterweight and rider are mounted on the lever l-pITO! 
tions. Efficiency curves showing results with four sets of gears in mesh It will be evident from Fig. 3 that for 100 per cent efficienes 
are included. The effect of the oil temperature in the worm thrust bear the system would be in equilibrium, but since the efficiency is 
ing, on the efficiency of the drive is shown, higher efficiencies being  yeyer 100 per cent, the reactive force of the motor will exceed th 
derived at higher oil temperatures The author also presents the record force of the dvnamometer and balance mav be restored | shifting 
of life of four case-hardened steel worms that failed under load the position of the rider weight. The displacement of the rider 

HE various tests on rear-axle worm drives which are to be Weight 1s therefore a measurement of the change of moment, and 

described were conducted by the author during an in vestiga- 18 & Measurement of the power loss 

tion of ball-bearing applications Important data and in- lhe motor and transmission, as well as the transi Ol na 
formation were obtained concerning the efficiency of two axles of | Worm, were connected by flexible couplings to take care of possible 
the same capacity and similar design, the temperature of the worm —™salignment 
thrust bearings under full-load conditions, and the life of four The oil used in the rear axle was Mobil Oil C, and in the trans- 
worms which broke under load. The testing method employed mission, medium mineral oil. The viscosity curves of both oils 
was that developed by Prof. C. M. Allen and F. W. Roys and de- determined in a Saybolt viscosimeter, are shown in Fig. 4, the 
scribed in their paper Efficiency of Gear Drives vertical scale giving the time, in seconds, required for 60 ce. of 


In 
Figs. 1 and 2 show the test arrangement, which is represented 01 to pass through a standard orifice. 


; / 


, 4 he ] “| ] rryyir : ) ‘ y 4 ' f \ ry int 
diagrammatically in Fig. 3 rhe worm gears to be tested were In order to determine the efficiency of the worm drive 














Fic. 1 Front View or Axie-Testina Device Fic. 2 Rear View 


oF AxLe-TestTinGc Devic! 


mounted in a rear-axle housing and driven by an electric induction mission efficiency was determined in a separate test, using a similar 
motor running 1200 r.p.m. under no load and 1160 r.p.m. under apparatus to that shown in Fig. 3. The worm efficiency was ob- 
full load. It was possible to change the speed by a transmission tained by{ subtracting) the transmission efficiency from the total. 
having gear ratios of 5.93 : 1, 3.24: 1, 1.74: land1:1. The 
power transmitted was absorbed by an Alden dynamometer, which 
offered a very smooth and readily adjustable torque resistance. The first two tests wére of the rear axles for a 3-ton truck, desig- 
To avoid losses in the differential and the use of an extra dyna- ated as Nos. 1 and 2, their engines having a rated capacity of 50 
mometer, the differential was locked. At each end the frame of hp. at 1000 r.p.m., the worm ratio being 9'/, tol. The effi- 
the driving motor was supported by three disk rollers, which al- Clency of worm drive and transmission was determined in first, 
lowed the housing to swing on its supports without friction. second and third gears, readings being taken at '/;, */; and full 

[The testing device, as described in the paper above referred to, oad and '/; overload. 
permits the reactive force of the motor and the force of the dyna- The worm is made of low- (0.2 per cent) carbon steel, no nickel, 
mometer to act downward through arms of equal length, at the ©ase-hardened and ground, and has four right-hand threads, 
ends of which are knife edges. A lever with three knife edges Circular pitch 1.1562, pitch 3.265, lead angle 24 deg. 20 min. The 
mounted upon it, has the two outer knife edges adjusted so that gear is made of phosphor bronze. The worms in the two axles 
the distance between them is equal to the distance (horizontal) re supported on ball and roller bearings, respectively 
between the dynamometer knife edges. The third knife edge Test results are plotted in Figs. 5 and 6. 
divides this distance into segments whose ratio to each other is In order to ascertain the effect of severe and enduring service 
the same as the gear ratio. The knife edges of the motor and on the efficiency, readings were taken on axle No. 1 after running 
dynamometer are connected to the outer knife edges of the lever, 2 total of 110 hr. in low gear (196 r.p.m. of worm) and 49 hp. 
the high-speed motor being coupled to the long arm of the lever The efficiency reading was taken under the same condition and 
— —- found to have improved 1 to 1'/. per cent. 

. SKF Research Laboratory The efficiencies of the transmission are shown in Fig. 7, while 


? Trans.Am Soc.M.E , vol. 40, p. 101 “Se . ‘ : i 
For presentation at the Annual Meeting, New York, December 7 to 10, 1920, the net efficiencies of the worm are shown in Fig. dS. 


> da EFFICIENCY TESTS 


of Tug American Society or MucuamicaL Fxeingers. The paper is here It is remarkable that the efficiency of the transmission (Fig. 7) 

printed in abstract form and advance copies of the complete paper may be cb- : ; ‘ , he ; et 

tained gratis upon application. All payers are subject to revision is the lowest in direct drive, that is, when the gears are running 
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idle. This is due to the power absorbed in churning the oil at high 
speed, in which case the viscous forces opposing motion are high. 

Oil temperature affects efficiency considerably. In case of the 
Mobil Oil C, higher temperatures in the rear axle housing improve 
the efficiency. A heavy oil in winter at light loads and high worm 
speeds, means low efficiency. The effect of temperature in the 
beginning disturbed the tests until it was found that by starting 
with heavy loads and finishing with light loads, the temperature 
could be maintained constant to a satisfactory degree, and thus 
consistent readings could be obtained. The small figures along- 
side the curves indicate the oil temperatures in the worm housing. 

In connection with the test on axle No. 2, the author wishes to 
point out that the efficiency in direct drive at low input would have 
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been somewhat better if a higher oil temperature had existed. 
These low temperatures were due to precautions being taken to 
avoid overheating at the end of the test. 


TEMPERATURE OF THE WorM Turust BEARINGS 


On account of the high worm loads carried by the worm thrust 


bearings, information on the bearing temperature was considered 
valuable. 











To determine maximum temperature conditions, first (low) 
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Fic. 4 CuRVE SHOWING VARIATION IN ViscosiTy OF O1Ls Usep InN REAR 


AXLE AND TRANSMISSION 


gear and full load was considered the most severe. Under this 
condition axle No. 1 stood up very well, and the maximum bearing 
temperature was 185 deg. fahr. with an oil temperature in the 
housing of 275 deg. fahr. after 5 hr. continuous running under an 
input of 49 hp. Axle No. 2 under same speed and practically same 
load gave a bearing temperature of 572 
perature in the housing of 400 deg. fahr. after 90 min. continuous 
running under 52 hp. Due to the excessive heat the worm and 
the thrust bearing were completely destroyed. 

It was then decided to modify the test for axle No. 2 to resemble 
actual conditions such as are encountered by a loaded truck in 
snow or on a sandy road, with subsequent hill climbing. Due 
to the damage done in the preceding test, the worm and thrust 
bearing were replaced by new ones. Curves plotted in Fig. 9 
show the temperature rise with the time. The thrust bearing of 
axle No. 2 shows a final temperature slightly over 200 deg. fahr. 
in high gear, full speed and 52 hp. In a comparatively short 


deg. fahr. with an oil tem- 
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TABLE 1 FABLE SHOWING RESULTS OF FATIGUE TI rS ON WORMS 
\ B ( ID 
Worm ratio Q ] 9 l 9 & 
lip. on motor 19 416.8 +) 4 
} Hp transmitted to worm 
wheel 16 44 19 
+ Rpm of worm 196 196 1O¢ 
Net eff iv rg l +900 14 ”) ) SO) 
¢ Pit ad ] 3 
Ans ) id } ) 
B Ar ty t 
9 No « t 1 } + ; ; 
) Tar ialcomp t 
p ) rt 
Ver 
] ime ; y ~ 
Iten p 
I I le I 
I ‘ rT +000 0 
, W t * nM) nw) 
i ; f 
“ , ( 
I 4 O14 
I 
) 
] Th | ( 
time the heat in the thrust bearing became excessive The breal 
In the curve THEA ites the period of stop needed for cl nging vears 
knife edges on the balanes beam, ete The slightly igher horse 
power Input in case of axle No. 2 was due to the difficulty in pre- 
determining the correct scale weights 
Farigue Tests on Worms 
The running tests conducted under uniform speed and load 
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Fic. 9 TEMPERATURE CURVES OF THE WorM Turvust BEARINGS 
offered the opportunity to record the life of four worms, three of 
which were different in design. All these worms broke after a 
certain number of revolutions under a heavy load. The load, 
however, did not exceed the maximum which the axle was supposed 
to carry in low gear. 
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All worms tested were made of about 0.2 per cent « rbon steel. 
They contained no nickel and were case-hardened, the working 
surfaces being ground. The test arrangement w the same 
shown in Figs. 1 and 2, enabling the input to be accurately de- 
termined. During each test the horsepower was kept practically 
constant. 

lor the benefit rear-axle designers a few important endurance 
data are tabulated in Table 1. Worm designated A is the one 
whose efficiency is shown in Fig. 5. B and C are ident ce 
sign, but different from A D | i different worm 1 t] | 
Boon ( = oT 

hig. 10 give ile the worm fracture In case rms 
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THAT Faitep ON Fatiaue Test 

B, C and D their life could probably have been increased con- 
siderably by avoiding sharp corners at the root of the thread 
This seems to be a small matter, yet it is of great importance. It 
is well known from theoretical and experimental investigations 
that sharp corners tend to concentrate or localize stresses. In 
case of static loads and ductile material this concentration of stresses 
is much reduced after the elastic limit is transgressed, which is 
brought about by the permanent stretching of the metal. The 
stresses are thus redistributed and will be shifted to other parts 
originally stressed to a smaller extent. 

The case, however, is different with stresses often repeated or 
reversed and failure may occur even within the elastic limit. The 
relieving of stresses at the peaks will not take place and the cor- 
ners will form starting points for cracks, which, when once started, 
will rapidly progress until the section is so weakened that a sudden 
break occurs. Thus, it is important, that a radius as large as 
possible be specified by the designer and checked by the inspector. 








Effect of Fittings on Flow of Fluids 
Through Pipe Lines 


By DEAN E. FOSTER,' TULSA, OKLA. 


N the layout of piping in power plants, heating systems, re- 

fineries, and other projects, the engineer is frequently confronted 

with the problem of making proper allowance for the resistance 
offered by fittings to the flow of liquids and gases. A number of 
formule and tables have been published giving such information 
for globe valves and elbows, but none for fittings in general 
Konrad Meier, Mem.Am.Soc.M.E., in his excellent treatise 
titled, The Mechanics of Heating and Ventilation, has given the 
subject of the effect of fittings on resistance to flow a very care- 
ful study and has presented data thereon in the form of seven 
charts. In his work of the past several years the writer has found 
these charts to be very useful in the design of piping for uniform 
distribution of liquids and gases and in the selection of equip- 
ment for producing the necessary force for moving fluids, the 
only objection being the time required when using them. After 
some study of the equations used in their construction, however, 
it was found to be a comparatively easy matter to formulate 
the following relations between the frictional resistance of pipes 
of various sizes and the various screwed fittings commonly used, 
and from these relations to establish tables showing the lengths 
of pipe equivalent in resistance to that offered by fittings. 

For the flow of water through pipe lines Mr. Meier uses the 
formula 


en- 


0.0257 L 
Hy = ——— X oF x 
where H; = 


7 = 


loss of pressure in ft. 
velocity in ft. per sec. 
d = diameter in in. 
L length in ft. 

This equation agrees within 5 per cent with Gardner 8. 
formula, which is so widely used in this country. 

For resistance offered to flow by fittings, Mr. Meier 
following: 


Williams’ 
gives the 


y1-86 
H, = 1.3or x aa: 
“J 
ft. of pressure loss per fitting 
a factor of resistance whose value depends 
shape of the fitting 
v = velocity of the fluid in ft. per sec. 
By combining these two equations we obtain 
L. = 53.75r X d'-35 
where Le represents the number of feet of pipe equivalent in re- 
sistance to a fitting and the other factors as before. Table | 
has been made up from this equation and may be used for water, 
crude or refined petroleum oils of 32 deg. B. gravity or lighter 
or other non-viscous liquids. 
For the flow of high-pressure steam through pipes Mr. Meier 
uses the equation 


where H, 


r = upon the 








W yi-95 L 

Py = — X 0.0257 — 

1” 144 giek “thar = 

where P; = pressure in lb. per sq. in. to overcome frictional loss. 

For resistance offered to flow by fittings he gives: 

W pl-95 
Fe aa x 1 12r x 

144 2g 


By combining these two formule we obtain 
Le = 43.7rd*2. 

There is no reason to assume that the flow of gas or air through 
fittings should occasion losses differing from those caused by the 
flow of steam. Hence the writer assumes that the equivalents of 
Table 2 may be used for all three fluids. 





! Consulting Engineer, Foster and Gilmore, Mem.Am.Soc.M.E 

For presentation at the Annual Meeting, New York, December 7 to 10, 1920, 
of THe AMERICAN SOCIETY OF MECHANICAL ENGINEERS. All papers are subject 
4o revision 
















TABLE I EQUIVALENT LENGTHS OF STANDARD PIPE TO ALLOW 
FOR VARIOUS SCREW FITTINGS IN CONDUITS CARRYING NON 
VISCOUS LIQUIDS 
Formula Used L, $3.75rd 

x ¥ =—o6.5 Ss 2% - ¥ 
a — = mn = 7 
a = a Ev = s 3 = 
“ = - 5m = il x S - 
Ss - A 38a> 4 g 5 5 
< © r. < J = 
Factor of 
Resistance 0.25 0.33 0.42 0.67 0.90 1.00 1.33 >» oO 
0.662 0.335 0.442 0.56 0.89 1.20 1.34 1.79 68 
‘ 0.824 0.475 0.627 0.79 l l 1 1.90 5 80) 
1 1.049 0.640 ) 844 1.0 ! ’ 30 sé 3.40 1 
l 1.38 0.90 1.19 1.51 } 3.24 36 4.80 
l 1.61 1.09 1.43 1.83 » 9? 3.9) 4.36 5.79 8 
2 ? 06 1.49 1.96 » 50 3.99 5.36 5.96 9? 11.9 
2 2.46 1.86 +¢ 3.13 5.00 6.72 7.47 93 4 94 
3 3.06 ?. 46 3 5 e.il 6.66 R _&7 9 _ 86 13.11 9 7? 
3 3.54 ?.9? 3.80 4.91 7.84 10.53 11 0 5.56 23.40 
4 4.026 3.44 $53 $.77 9.22 12.37 13.70 18.28 ) 
4 4.506 3.95 5 0 6.63 10.60 14.22 15.80 1 Ol 41.60 
5 5.047 4.57 6.00 68 12.20 16.47 18.30 4.33 36.60 
f 6.065 5 ? , oo 9 61 15.30 0 61 22.90 30.45 45.80 
7 7.024 6.90 | 11.59 8.50 24.84 27.60 16.70 5 0 
8 98) 8.10 0 3.60 l 0 29.16 32.40 $3.09 64.80 
1O 10.020 ) 0 14 ) l 97 8.70 38.52 4?.80 6.9? R560 
12 l 090 l 50 l Ri) 22.68 46.20 48.60 54.00 1.8 mR OO 
TABLE 2 LENGTHS OF STANDARD PIPE TO ALLOW FOR VARIOl 
SCREW FITTINGS IN CONDUITS CARRYING STEAM ATR OR 
GAS 
Forn a Used: I 43.77 
& 2 5° - = 
t 3 xe . 
gt ll Ss Zs > x s% - 
Z . a - z a o 
Factor of 
Resistance 0.25 0.33 0.42 0.67 0.90 1.00 1.33 2.00 
1/ 0.622 0.031 0.4 0.52 0.84 1.12 1.25 1.66 $0 
‘ 0.824 0.044 0.5 0 3 1.17 1.57 5. >. 33 3.50 
l 1.049 0.057 0.7 0.98 1.5 25% » 34 3.11 +.68 
l ‘ 1.380 0.082 1.07 1.37 ?.19 » O4 7 4.35 6.54 
l 1.610 0.098 1.29 1.64 2.63 3.52 9? 5 l 84 
2 2.067 1.32 1.74 4 3 3.55 4.7 5.30 Os 0.60 
2 2.469 1.64 2.16 5 4.39 5.91 6.56 8.71 13.1 
3 3.068 2.13 ?.81 4.59 ~ ar ie 7.69 8.54 11.40 17.08 
3 3.548 2.53 4.34 4.26 6.80 9.10 10.13 13.50 20 
4 4.026 2.96 3.90 +.97 94 10.65 11.84 15 5 23.68 
4 4.506 .. 27 4.45 5 66 05 12.14 13 0 17.95 27.00 
5 5.047 3.88 . v3 6.42 10.40 13.95 15.51 ”) 60 41.02 
6 6.068 4.81 6.35 8.09 12.90 17.35 19.27 275.60 38.54 
7 7.023 5 5 7.59 9.66 15.40 20.70 23.02 30.60 46.08 
s 7.981 6.70 8.85 11.20 17.90 24.10 26.80 35.60 53.60 
10 10.02 8.75 11.54 14.70 23.40 31.50 35.00 46.60 70.00 
12 12.09 10.90 14.40 18.35 29.30 39.30 43.70 58.10 87.40 


Many charts and diagrams for the quick determination of steam 
pipe sizes have been published, but they have all been constructed 
under the assumption that dry saturated steam was the fluid to be 
carried. The accompanying chart, Fig. 1, however, solves problems 
involving the carrying of either dry saturated or superheated 
steam. In order that its use may be clear the following case has 
been assumed, the pressure loss in lb. per sq. in. per 100 ft. being 
desired: 

140 lb. abs. 
150 deg. 
1700 |b. per min. 

10 in. standard 


Average steam pressure in line 
Superheat ; ; ; , 
Amount of steam to be delivered 
Size of pipe ‘ 

In the solution shown in Fig. 1 the chart is entered on the hori- 
zontal line representing 150 deg. of superheat. This line is fol- 
lowed to the left until it intersects the curve representing 140 |b 
pressure. From this intersection the dashed vertical line is fol- 
lowed down to its intersection with the horizontal dashed line repre- 
senting 1700 lb. of steam. From this intersection the inclined 
dashed line is followed to its intersection with the horizontal line 
representing 10-in. pipe. The vertical thus determined 
the loss required as 2.08 lb. per 100 ft. Had a 12-in. pipe line been 
used, the loss would have been only 0.81 lb. 
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AVERAGE ABSOLUTE PRESSURE IN PIPE LINE 
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Fig. 1 can be used for the solution of any case where four of the 
variables are known and the fifth is to be determined. For the solu- 
tion of problems involving dry saturated steam, enter the chart 
at the top at the point representing the pressure assumed and 
follow a vertical line from this point to its intersection with a hori- 
zontal representing the desired quantity of steam. The remainder 
of the solution will be the same as outlined for superheated steam. 
If the part representing superheated steam were omitted, this 
chart would be very similar to one constructed by H. V. Car- 
penter, Mem.Am.Soc.M.E., and published a number of years ago 
in Power. 

To show the use of Table 2 an example has been taken of a 6-in. 
steam line 1000 ft. long, containing 5 gate valves, 3 angle valves, 
20 standard tees, and 10 standard ells. From Table 2 for steam, 
air, and gas, these fittings are found to be equivalent to 332.10 
ft. of 6-in. pipe as follows: 


5 Gate valves, each 4.81 24.05 
3 Angle valves, each 17.35 52.05 
20 Standard tees on run, each 6.35 27.00 
10 Standard ells, each 12.90 129 00 
Total allowance 332.10 ft. . 
Actual pipe length 1000.00 
Equivalent total length 1332.10 ft. 


The chart shows that with an initial pressure of 150 Ib. and a 
total loss of 5 lb. pressure or 0.375 lb. per 100 ft. this line will 
transmit about 225 |b. of steam per min. If the effect of the 
valves and fittings had been ignored, the calculation would show a 
capacity of 260 lb. of steam per min. This would have indicated 
a flow of 11'/. per cent more than the real capacity of the line. 
This error in capacity will be the same, no matter what pressure 
drop is allowed through the line. 

Use of Table 1 is illustrated by the solution of the following 
problem which assumes that a 4-in. line is to handle 26.2 eu. ft. 
of water per min. through a horizontal run of 50 ft., at which point 
the line rises at right angles 35 ft., thence runs horizontally 120 
ft. to a tee heading a manifold consisting of five pieces of 4-in. pipe 
12 it. 
the total quantity of water. 


each delivering one-sixth of 
A centrifugal pump is to be selected 
and properly speeded to handle this quantity of water. The 
pump is to be located 10 ft. above the water surface. 


long connected by 4-in. tees, 


Since the frictional resistance of pipe varies approximately as 
the square of the quantity of water passing through it, it will be 
convenient to combine the last 12 ft. of horizontal run with the first 
tee. This will give us 6 sections of 4-in. pipe each 12 ft. long and 
having a connecting tee. From Table 1 for liquids we find a 4-in. 
tee equivalent to be 4.53 ft. of 4-in. pipe, making each section the 
equivalent of 16.53 ft. in length. From Cox’s tables for flow of water 
through pipe lines we find a loss of 2.563 ft. per 100 ft. for a 4-in. line 
handling 26.2 cu, ft. of water per min. The loss for the first section 
which earries all the water will be 16.53 & 2.563/100 or 0.424 ft 

6 of the total, the loss will be 


as the square of the quantity carried, or °/, X °/5 X 0.424 
0.295 ft. 
For the entire manifold the losses will be as follows: 


For the second section, which earries 


Section 1 (6/6)? K 0.424 - 0.424 
Section 2 (5/6)? K 0.424.. , ; 0.295 
Section 3 (4/6)? K 0.424 : 0.198 
Section 4 (3/6)? K 0.424.. F : 0.131 
Section 5 (2/6)? K 0.424 0.047 
Section 6 (1/6)? K 0.424 0.012 
Total loss for manifold ; bins 1.107 ft. 
For the remainder of the line we have: 
ON DG sa ia kkwecawen's : : 10 
300 diameters for pump - te ; 100 
First horizontal run De ete a 50 
tiser me Leek See shail ora 35 
Second horizontal run ; 108 


Three 4-in. standard elbows, each 9.22 ; 27 . 66 
Total equivalent length of pipe to Section 1 of = 
manifold...... 330.66 ft. 


and from the foregoing: 


Loss on 330.66 ft., 2.563/100 per ft....... 8.47 
Loss through tanifold.........ccccssaccess bag 
citar a lede iG. cabinet, <orehwee dee 9.58 ft 
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The total pumping head then will be as follows: 


Suction head 10.00 

lev ation 35.00 

Friction head... 9 58 
Total head 7 54.58 ft. 


CONSTITUTION AND PROPERTIES 
OF BOILER TUBES 


(Continued from page 605) 


not thus visibly subject to grain growth. Not only was there 
evident a marked growth in the ferrite grains for the irons ranging 
in carbon content from 0.006 to 0.251 per cent, inclusive, but in 
the irons in this range where there was a visible quantity of carbon 
existing as pearlite, very apparent agglomeration or balling up of 
this constituent was in evidence. 


TABLE 1 EFFECT OF (¢ 
DEFORMED IRON 


ARBON CONTENT ON 
WHEN HEATED BELOW 
TEMPERATURE 


GRAIN 
rHE 


GROWTH IN 
CRITICAL 
Carbon Content 


Number of Ferrite Grains per Square Inch 


Per cent Undeformed Deformed 
0.006 4.9 1.9 
0.103 5 4 13.4 
0.203 63.4 +0 
0.251 26.3 6.0 
0.315 


Grains too small to count 


é Photomicrographs from both the 
and deformed areas 


show no appreciable difference in grain size 


indeformed 


SERVICE COMPARISON BETWEEN MepiumM-H1GuH- AND Low-CAarBon 
BorLer TUBES 


Not only do all theoretical considerations point to the procure- 
ment of an increased life for boiler tubes through a raising of the 
carbon content, but the results of some actual tests on which data 
are now available seem to indicate and confirm this claim 

This test was started in 1916-1917 by placing in the front row 
of four of the 790-hp. Stirling boilers at the Park Place 
Plant of the Detroit medium-high carbon 
content averaging around 0.30 per cent carbon, and in four other 


Heating 
edison Co. tubes of a 


boilers at the same plant operating under the same loads at about 


the same time tubes with a carbon content between O.0S and 0.18 


per cent. 

The results given in the “Service Test’’ (Table 2 speak for them- 
TABLE 2 SERVIC! TEST ON MEDIUM-HIGH AND LOW ARBON 
BOILER TUBES AT PARK PLACE HEATING PLANT, DETROIT, MICH 
HIGH-CARBON TUBI IN FRONT ROW 

Boiler Installation Repla 
Number Number Dat Numbet 
3 } Tune ) 1916 | 
( ) la ) dileé t 
Ju 
) | ) ) 
~ y ] ) ) 
Total Li¢ t 
1 CARBON TUBI IN FE rf 
l ) vept 3, 1916 July 8 
Sumime ) 
2 29 ept. 18 1916 0 Sep is: ) 
July 11 ) 
Summer, 1920 
4 29 June 14, 1916 18 Jan. 6, 19 
Jul, 1918 
13 June | 19 
) ou Time IY2Z0 
5 10 June 1916 
19 Aug. 3, 1917 10 August 3, 191 
Totals, 116 127 


selves, for of the medium-high-carbon tubes only about one-half 
have been replaced, and of the low-carbon tubes, more than a 100 
per cent replacement has been necessary. 

This paper has been prepared not for the purpose of suggesting 
radical changes in boiler-tube composition nor for the purpose of 
criticizing present boiler-tube manufacturing practices, for all 
things considered, it is on a very high plane with respect to quality. 
It has been prepared, however, to present certain facts, especially 
those relating to grain growth, to which tubes of the commonly 
accepted composition are so subject; and in view of these acts to 
question whether tubes with a carbon content varying between 
0.30 and 0.35 per cent would not insure longer tube life and safer 
boiler operation than tubes with a carbon range between 0.08 to 
0.18 per cent. 




















Principles of the Gyro-Compass 


By GEORGE B. ¢ 


The following brief outline covers the main factors in the 
of the gyro compass up to the present time 


It explains briefly the princi 
ples 


of the gyroscope and the simple gyro compass; discusses the disturb 
ing 


takes up the three major problems of design namely, the compensation of 


the distur bing forces, the methods of suspension, and methods of damping 
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ITUTE for magnetism as a directiy r force has long 
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l l = LE Grros Sys 
cided! not true ven force of verv sn magnitude will 
gradu change the plane of rotation, although it does so in 
verv 1 | manner 
Prece nis illustrated in Fig. 1, which shows a simple gyro- 
scople system. If torque be applied about, say, the Y-Y axis. with 
the intent of foreing the plane of rotation of the wheel to rotate 


about this Y-} 


will rotate 


iXIs, ho 
slowly 


such result will ensue, b 
the L-2 AXIS, 


the axis of the applied torque. 


it instead the plane 
about which is perpendicular to 
This action is precession 

The angular velocity of the precessional motion, Q, will dep nd 
upon /, the moment of inertia of the wheel, w, the angular velocity 
of rotation of the wheel, and upon T. the torque applied about the 
Y-Y axis as above, the quantities being 
cessional velocity 2 by the equation 


T = Io 


connected with the pre- 


The direction of procession will depend on the direction of rota- 
tion of the wheel as well as upon the direction of the applied torque, 
the relation being correctly given in Fig. 1. A reversal either of the 
direction of the torque or the rotation of the wheel will change 
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USTRATE TittTiInG Errect or Earrn’s 


ON GyrRo-CoMPass 


ROTATION 


with the axle pointing east-west, as shown in position 1, Fig. 3. 
It is obvious that the direction of the perpendicular at any point 
on the equator is continually changing, being rotated in a clock- 
wise direction, when viewed from the south, once in 24 hr. The 
gyroscope, on the other hand, due to its property of fixity of plane, 
will resist this rotation, with the result that as the earth rotates 


619 








the « ast-pointing end of the wheel will rise with respect to the earth’s 
surface as shown in position 2. As soon, however, as this occurs 
the weight on the bottom of the wheel case will introduce a couple 
about the Y-Y axis, due to the pull of gravity, and the phenomenon 
Ol precession occurs, causing the wheel to rotate about the vertical 
Z-Z axis. 

\ consideration of the foregoing action will show that the east 
end of the axle will continue to rise and that the weight will act 
until the axle has passed through the meridian plane, after which 
the earth will act to depress this end of the axle, finally bringing 
it into the horizontal. As soon as the axle is horizontal the gravity 
couple vanishes and the precession ceases. However, the earth 
continues to act on the instrument, the axle is again tilted and the 
wheel again swings back toward the meridian plane. Thus the 
compass continues to perform a series of oscillations back and 
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Fic. 4 Gyro-Compass IN EQUILIBRIUM IN Respect TO Errect or EARTH'S 
ROTATION 
forth across the meridian until damped out by friction or other 


It will at once be apparent from Fig. 4 that when the 
rest with the axle in the meridian and horizontal 


system is in equi- 


means. 
compass is at 
there is no tilt introduced by the earth and the 
librium. It may also be readily shown that the 


action is the same 
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as that described when the compass is located at any other lati- 
tude than the equator, with the exception of a small error intro- 
duced by the vertical component of the earth’s rotation. 

It is thus seen that the compass derives its directive force from 
the rotation of the earth and the force of gravity acting on the 
pendulous mass of the wheel. In reality an instrument such as 
that described functions perfectly—granting the necessary degree 
of mechanical refinement—when placed on a fixed platform where 
forces other than those mentioned cannot be impressed on the sys- 
However, when the Foucault pendulum is placed on a mov- 
ing platform, such as a ship at sea, other forces are impressed on 
it, due to the motion of translation of the ship over the sea and the 
motions due to wave action. The forces resulting from these 
causes are in no way to be distinguished from the useful or direc- 
tive force and are in fact many times greater in magnitude than 
the useful force, so that under these conditions the instrument be- 
comes inoperative. 


tem. 
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It was this fact which delayed the introduction of the 
compass in navigation for nearly sixty years after its discovery; 


and it was the solving of this problem which acted to produce the 


gvro- 


varied forms of compass which it is the purpose of this paper to 
describe. 


DISTURBING Forces ACTING ON THE COMPASS 


We may broadly divide the disturbing forces acting on the com- 
First, those due to the motion of 
translation of the ship; and second, those due to motions of the 
ship about various axes fixed in relation to the ship: to which 
may also be added the error introduced by the vertical com- 
ponent of the earth’s rotation, and in some cases small errors due 
to elements of the compass design. Of these the elimination of 
forces due to the rolling and pitching of the ship has largely 
dictated the major factors of the compass design. 

These rolling forces, acting on the simple compass or pendulous 
gyroscope, exhibit their effects chiefly on intercardinal headings, 
being theoretically absent on north-south or east-west headings, 
and increasingly troublesome up to 45 deg. from these directions 

A convenient method of investigating these rolling forces is to 
place the complete compass on a pendulum which may swing in 
a plane making a known angle with the plane of the meridian. In 
the first case, suppose this plane to coincide with the plane of the 
meridian. Then, if the compass wheel is not running and the sup- 
porting pendulum is swung, the pendulous mass of the wheel case 
will cause the case to line up with the pendulum, due to the com- 
bination of the forces of gravity and acceleration, as shown at A 
in Fig. 5. When the wheel is spinning, the case will not line up 
with the pendulum, since it is stabilized about the east-west axis, 
and the force of acceleration on either end of the swing will there- 
C, Fig. 5 These forces 
are equal and opposite on each end of the swing and no disturbance; 
Should the plane of swing of the pen 


pass at sea into two classes: 


fore be balanced by A gyroscopic reaction 


ot the compass will result. 














ee 





rz COMPASS 


Fig. 6 Sensitive ELEMENT OF THE ANSCHI 
dulum be east and west, the case will swing fre ely about the axle 
of the wheel, and again no disturbing force will result. (B, Fig. 5 

Assume now that the plane of swing makes an angle with the 
meridian of, say, 45 deg. There will be a componert of swing in 
a north-south direction which will cause a force to be impressed 
on the pendulous mass, and, as before, it will be equal and opposite 
on each end of the swing. In addition to this, there will be a move- 
ment of the case about the axle of the wheel, due to the east-west 
component of the swing. This latter motion will cause the point 
of application of the force of acceleration to be shifted from one 
side to the other of the vertical axis; and thus, while the impressed 
force will be equal on each end of the swing, and in an opposite 
direction, it acts to form a pulsating couple the vertical 
whose direction is always the same. 

Another way of regarding this phenomenon is to consider that 
whereas the wheel when spinning is stabilized about an east-west 
axis, it is perfectly free to rotate about the north-south axis, thus 


about 
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causing the apparent moments of inertia about these two axes to 
The result of this is that when forces tend to 
rotate the system about any horizontal axis other than the major 


be widely different. 


axes mentioned above, a torque is set up about the vertical which 
ultimately di place s the compass from the meridian. 


COMPENSATION OF THE DistuURBING ForcEs 

From this description it is obvious that the simplest way ol reme- 
dying the difficulty is to stabilize the compass in both directions, 
about the 
east-west axis, and one of the earliest methods was based on this 
principle. from a photographie view of the sensitive 
element of the Anschutz compass. This compass uses three wheels, 


or, in other words, north-south axis as well as about the 


Fig. 6 Is 


all attached to the orienting element, one of which operates in the 
same manner as the Foucault pendulum, the other two being 
mounted with their axles at an angle to each other and to the main 
wheel. By this method the apparent moment of inertia of the 
system about the north-south axis is greatly increased and at the 
same time a portion of the useful directive force of both of th 
auxiliary wheels is utilized to orient the compass on the meridian 
In a later form of the Anschutz compass for use on submarines 
and other small craft subjected to violent rolling, a fourth wheel 
is added, which serves only as a stabilizer, the axle being vertical 
It is to be noted, however, that in the Anschutz compass com- 
plete stabilization of the sensitive element is not aimed at, but 
rather the reduction of the disturbing torque to within a limit 
where its effect on the compass will not be detrimental On the 
other hand, number of attempts have been made to solve the 
problem by the independent stabilization of the platform on which 
the sensitive element is mounted None of the attempts has been 














WING FLOATING BALLIs1 


hic 7 Sperry Gyro-Compass, Su 


r successful, due, probably, to the difficulty of maintaining 
Numberless 


trials have demonstrated the fact that it is practically impossible 


the necessary accuracy in the stabilizing apparatus. 
stabilize a platform on a rolling ship to anywhere near the ac- 
curacy required for this purpose. 
Another early solution of the problem was the ingenious method 
This method con- 
sted in stabilizing the point of attachment between the gyro- 


ae} eloped bv the Sperry Gyroscope Company. 
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compass, a photograph ol which 1 nown big ‘ na 
drawing in Fig. 9, utilizes two wheels of equal size and rotating 
equal speeds but in opposite directions One of these wher j 


mounted as in the Foucault 
1 


the compass wheel The 


pendulum and may be re 
second wheel. located to the east of the 
meridian and known as the east gyro, precesses in a direction oppo 


site to that of the compass wheel under the influence: 


forces, and this fact is utilized to impress a force on the west wheel 
equal and opposite to the disturbing torque this torque being 
transferred between the wheels by means of a vielding connec- 




















Fic. 9 Pa aL Si 1 Sperry Twin Grro- [PA 
use on destrovers, l class Ot Vessels whose rolling cl T teristics 
are notorious 
In the last vear a new method ot compensati yT is heen de 
veloped in the U1 ited States by the Sperry Company and! ng 


land by Perry and Brown. This consists of the use of a non- 


pendulous wheel, the gravity couple being introduced in a novel 
manner. The device, the elements of which are shown in Fig. 10 


consists of a gyroscope which is perfectly bal unced about all rf the 


scope and the pendulous 


mass 


as shown in 


Fig. 7. The stabil- 


“floating ballistic’ is essentially a 
We find that there 
the stabilizing principle is used only to reduce the magnitude of 
the disturbing forces, and neither the Anschutz principle of three 
wheels, nor the Sperry floating ballistic, completely compensates. 

In 1916 ‘and 1917 a form of compass was developed by Harry 
L.. Tanner, of the Sperry Gyroscope Company, in which complete 


This 


IZiIng device, known as 


pen- 
dulum stabilized by a small gyroscope. 


again 


compensation of the disturbing forces was accomplished 


three axes. On both the north and south sides of the gyro casing 
and attached to the casing are bottles containing mercury whi 
are connected by means of a small tube. The action of 


vice as a compass is then very similar to the simple compa 
that the earth acts to ti 


curv flows from the higher t 


t the wheel as usual, whereupon the met 
bottle, thus 
the equilibrium about the east-west axis. The torqui thus g 

about the vertical axis..as before. It 
however, that this torque is oppositely directed 


the lower 


upsetting 


erated causes precession 
should be noted, 
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to that generated by the usual pendulous mass and therefore it is 
necessary to rotate the wheel in a direction opposite to that of the 
ordinary compass. In other words, the wheel must rotate in a 
counterclockwise direction when viewed from the south. 

The explanation of the compensating features of this type of 
compass lies in the that the 


fact motion of the mereury from one 





bottle to the othe #- unde r the influence ol the forees set up by the 
Ve ad i} 
Carda Ir rs uSpernsS 
i 
Mv. 
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Fie. 10) Mercury Bacuistic COMPASS 
rolling of the ship, is out of phase with the motion of the com- 
pass in its gimbal rings. While the principle involved is new and 


ho gren 


t number of compasses built on this principle have been it 


! 
service, very exhaustive trials of the instrument have been m 


made in 














Fic. 11 


Perry-BrowNn Compass 


comparison with other standard compasses. All of these tests 
show that the compensation is practically perfect, in addition to 
which the simplicity of the instrument strongly recommends it. 

In Fig. 11 is a view of the Perry-Brown compass and Fig. 12 
shows the mercury attachment or “mercury ballistic’ of the 
Sperry compass, the mercury bottles being indicated by the ar- 
row. 
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METHODS OF SUSPENSION 

Perhaps of equal Importance to the 
from the standpoint of the designer of 
tion of the 


vy ro-comp iss Is 


problem of compensation, 
gvro-compasses, Is the ques- 
While the directive 
larger than that of the 


Suspension ray 


the 


sensitive clement 


force of manv times 


magnetic compass, In most forms of the instrument the masses to 


be oriented are more than proportionately greater: therefor 


SOme 


means of carrving these masses on a suspension bearing must be 


devised which is as nearly as possible without friction 


The mercury float forms a very simple method of suspension 
Which immediately suggests itself from the hat simular 
mounting of the magnetic needle in the tvpe known as the liqui 
compass. The Anschutz compass utilizes the mereury suspension 
with considerable suecess and has done so for a number of ve 
Its great advantage is its simplicitv, but on the other hand a num 
ber of practienl difficulties present themselves The mercury 
coliects dust from the air and also oxidizes rapidly unless it is sur- 
rounded by some non-oxidizing atmosphere su hvdrog 
When the metal becomes dirty or oxidized the sensitivity of t 
mounting is greatly decreased 

In the original COMPASS constructed by Foucault a filament 
suspension Was employed similar to that used tod for g "TT 
eters, oscillographs and similar instruments. Suc L Suspension 
Was very sensifive, but, of course, was not table for ship i 
use since It was not capable of making a complete revolution in 
azimuth. The Sperry Company applied this” torsionless-filament 
suspension to the practical instrument in a manner whi 
proved sO successful that it has been used Il « t hie lou 
types of compasses which they have designed It consists es- 
sentially of a suspension head carrying a filament consisting 
bundle of very fine plano wires, to the lower end of which 1 
tached the sensitive element When the sensiti 
compass turns in azimuth, or the binnacle turns relatively to the 
sensitive element, this filament is continuously unw 1 | . 
of an electrical follow-up system, the elements whic vn 
in Fig. 13 It consists of a so-called 'D tom m i! 

















Fic. 12) Mercury Ba.utstic ATTACHED TO SPERRY COMPASS 


azimuth by an electric motor. As shown in the figure the motor 
is controlled by trolley contacts operated by the motion of the sensi- 
tive element in azimuth relative to the phantom. This suspension 
is very sensitive and has the additional advantage that a con- 
tinuous, small oscillation of the phantom relative to the sensitive 
element is maintained, which acts to reduce the friction of the 
vertical guide bearings necessary in any type of suspension. 
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The Perry-Brown compass uses a form of suspension which has 
It is similar in principle to the oil- 
similar 


also shown great sensitivity. 
float thrust 
chinery. A small pump is employed to force oil between the sur- 


bearings used on vertical turbines and ma- 


a perfect film for the 
the 
i small up-and-down oscillation and thus acts 


faces a step bearing, thus maintaining 


separation of the surfaces. The pulsations of the pump taht 
sensitive element 
a means of reducing the statie friction of the vertical guides as 
the Instrument 


The jeweled point has frequently been suggested and tried as 


in Sperry 


a gyro-compass suspension, but has never met with any measure 


of success, due principally to the large weights which must be sup- 
ported on extremely small areas 
Meruops or DampPinG 
The third major design element, and one which has been the 


nsiderable study and which has resulted in manv differ- 


ent solutions, is the means for damping the oscillations of the com- 
pass system in azimuth. With the very sensitive suspensions 
which must be employed, the compass will continue to swing back 


and forth across the meridian for many hours without coming to 
rest and some special means must be employed to damp these 
oscillations in a reasonable length of time. The damping em- 
ploved is generally very large, usually from 60 to 90 per cent. 


Since in all compasses so far constructed the period has had to be 
fixed t SS min. ol 
| hours are required for the compass to settle on the 


An early sol 


a verv high damping factor, 


meridian. 


time, even with 
SPVeT 


ition of the d inping problem was that employed nn 
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Arr-DAMPING 


14 ANSCHUTZ 
the first Anschutz compass, which consisted of two air jets con- 
trolled by a pendulum mounted on the case of the wheel, as shown 
diagrammatically in Fig. 14. The air pressure was supplied by 
the rapid rotation of the wheel, the nozzles being so arranged 
that when the wheel was tilted by the earth’s rotation one or the 
other of the nozzles was opened, causing a reaction about the 
vertical axis which caused precession in a direction to bring the 
axle back into the horizontal plane. It is obvious that this action 
will slow down the motion of the wheel in azimuth and that thus 
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the necessary damping will be secured. The controlling pendulum 























was not stabilized, but this did not seem to interfere with the action 
of the device, since its average position, of course, was vertical 
Various practical difficulties arose with the device in practice 
however, and it was early abandoned 

In the Sperry compasses the damping is secured in ection 
with the power-driven phantom element. In the comp known 
as the “Mark I” the pendulous mass, instead of being made ar 

| 
\ 
| » Sperry Mecua L Dami 1) 

ntegral part of the wheel ipported ; : 
} } ‘ } VAR urs ttacl 

the wheel is mack o| { Is 

\Ns 1) | . 

xis to secu wrectl ct | ! ft re 

vertical axis to effect damping 
In the present Anschutz compasses damping Is tained the 

use of a flow of oil from the north to the south side of ft} 

zontal axis through very small orifices, the action being very sir- 
ilar to that of the mercury ballistic des ed above, « t that 
the flow of oil is made so slow that it is out of phase with the os- 
cillation of the compass in azimuth Che oil thus is continually 
acting to oppose the torque of the main gravity couple, and the 
oscillations are thus damped. In the Anschutz compass the oil 
is allowed to flow through a number of reservoirs in series. the 


openings between the reservoirs being very small 
of the damping tanks is shown in Fig. 16. 
Having solved the three major design problems outlined above 


\ photograph 


the question of building a successful working instrument resolves 
a question of correct mechanical design and 
The delicacy of the instrument is 


itself largely into 
excellency of workmanship. 
such that the utmost care must be exercised in both the design 
and construction to insure the correct and permanent alignment 
of the parts and the reduction of friction about all axes, to insure 
freedom from vibration and similar factors. 








The Heat-Insulating Value of Cork and Lith Board 


Results of a Series of Tests Conducted at the Engineering Experiment Station of Kansas State 
Agricultural College, Showing Cork Board to be Superior to Lith Board 
as a Heat-Insulating Material 


By A. A. POTTER,' J. P. CALDERWOOD,? A. J. MACK,’ ann L. S. HOBBS‘ 


The following paper treats of a series of tests made at the Engineer- 
ing Experiment Station of the Kansas State Agricultural College for the 
purpose of determining the conductivity and heat-transmitting properties 
of cork board and lith board. The apparatus employed is described in 
detail, and the procedure followed in the experimental work is carefully 
outlined. Formulae for calculating results are also presented. The re- 
sults obtained by the authors show that as a heat-insulating material cork 
board is slightly better than lith board; that is, for the samples tested the 
lith board had a conductivity approximately 5 per cent greater than that 
of the cork board. 


N the following paper are presented the results of a series 
of tests which were conducted at the Engineering experiment 
Station of the Kansas State Agricultural College upon the heat- 
insulating properties of two refrigerating materials—nonpareil 
eork and lith board. The general arrangement of apparatus used 
for the tests is shown in Fig. 1. The test box itself is made of non- 
pareil eork board and is a cube whose internal dimensions are 
2 ft. square. One side of this box is removable for the insertion of 
specimens of other materials and within it are three resistance 











Fic. 1 Apparatus Usep IN TestTiING THE HEAT-TRANSMITTING PROPER- 
TIES OF CoRK AND LitH Boarp 


coils which serve as an electric heater during the test. These 
coils are arranged so that one, two, or three may be joined in 
series, thus making it possible to vary the intensity of the heat 
supply. Current is supplied by a 220-volt d.c. line and in order 
to maintain a uniform voltage at the heating element, a 32-volt 
storage battery is floated across the supply main. A variable re- 
sistance is used to regulate the current input. 

The electrical energy consumed by the heating coils is measured 
by a single millivoltmeter, for through the use of a multiplier, a shunt 
and a two-way mercury switch the same instrument is made to 
measure both the impressed voltage and amperage supplied to the 
coils. 

At regular intervals during the test temperature measurements 
were taken at the internal and external surfaces of the top, bottom, 
front, and sides of the test box, care being taken in inserting the 
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THE AMERICAN SOCIETY OF MECHANICAL ENGINEERS. ‘The paper is here printed 
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thermometer to eliminate all possible influence from the air, both 
external or internal. Temperature measurements were also taken 
on the front side of the test box, at points 2 in. and 4 in., respectively, 
from both internal and external surfaces (see Fig. 3). 

These temperature measurements were accomplished by the 
use of thermocouples, made from No. 12 gage copper and constantan 
wire welded together to form the junction. Since the range in 
temperature during such an investigation would be low and the 
consequent electromotive force small, the most convenient method 
for the measurement of the impressed electromotive force pre xluced 
by the thermocouple was by balancing it with a standard electro- 
motive force. 

The wiring diagram of the temperature-measuring equipment ts 
shown in Fig. 2. 
of a 14-point switch to the portable potentiometer indicator and 


The various thermocouples are joined by means 


in order to produce a more sensitive potentiometer this instrument 
was of a special design, being provided with connections for a 
sensitive external galvanometer, which made possibl temper 
measurements of great accuracy. The scale division of the inst. 
ment gives a direct reading of 0.01 millivolt, so that it is pos 


to estimate to 0.001 millivolt. 
The thermocouples with their cold ends maintained at 32 deg 


fahr. by an ice bath were calibrated throughout their range ol 


use against a standard mercury-in-glass thermometet This 
calibration was accurate to 0.5 deg No ealibration of the thermo- 


couples was made below the 32 deg fahr. point, as the deviation 
of the ealibration eurve above and below this point is probably 


negligible. 








The refrigerator or thermal testing room was 9 ft. by 12 ft 
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Fic. 2. Wrrainc DiaGRAM OF TEMPERATURE-MEASURING EQUIPMENT 


and 10 ft. high. It contained 600 ft. of 2-in. direct-expansion 
ammonia piping and its walls, floor, and ceiling were insulated 
with cork board. The refrigerating equipment includes a 5-ton 
Frick ammonia-compression system, and a 1-ton York machine 
used as an auxiliary. The ammonia compressor is steam-driven. 
A pressure gage is inserted in the evaporating coils so that the 
pressure in the coils can be regulated as desired by opening or 
closing the suction valve to the compressor or the expansion valve 
to the coils. Since the boiling point of the ammonia in the evapor- 
ating coils is dependent upon the pressure, this regulation gave an 
indirect means of controlling the temperature in the refrigerator. 
Mernop or TestiInG 

The method of testing was as follows: The test box with its 
equipment was first placed in the refrigerator. The refrigerating 
machine was then started and the pressure in the evaporating 
coils so regulated that the desired temperature in the refrigerator 
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ture Ww . the the heating element was 
170 deg 
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hr. would be necessary, 


temperature of 


wn by these preliminary tests that at least 2! 

test box 
the internal temperature conditions could 
Furthermore, if 
constant, 


alter conditions external to the 


iniform, before 


be arn 


be expected to become constant. after exte rnal 
and internal conditions became external conditions 


for some uncontrollable reason varied, the internal temperatures 
could reasonably be expected to remain uniform for a period of 
2 hr. 

Following these preliminary tests the investigation of the in- 
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The heat transmission of the cork was calculated by dividing 
the heat conducted through the front surface of the test box by 
the temperature differences measured 2 in. from the internal and 
external surfaces of the front side. The heat conducted through 
the front surfaces was estimated from the determined value of 
the conductivity and the inner and outer surface temperatures of 
the front side. 

The calculation of the conductivity of the lith board from the 
tests in Series 2 gave rise to two methods: 

Vethod 1. The first method was similar to that used in the 
calculations for the conductivity of cork. The heat transmitted 
through the cork of the test box was calculated from the tempera- 
ture differences of the cork surfaces and the conductivity of the 
cork as determined in the tests of Series 1. The heat transmitted 
through the cork was then subtracted from the heat equivalent 
of the electrical input and the difference represents the heat trans- 
mitted through the lith board from which the conductivity may be 


determined. The equation of this relation is as follows: 


Cy(t t, H] 1C{(t- te) + (t a a ae f 
4. Dh-( 7 f ?. 
where C conductivity of lith board in B.t.u. per sq. ft., per deg. 
per hr 
cs conductivity ol cork board in B.t.u. per sq. f. per cle re 


per hr. as determined from tests of Series 1 
/ the proportion of the temperature difference of the 
sides to the temperature difference of the back surface 
and all other factors have the same significance as in Iq. 1 


TABLE 1 RESULTS OF TESTS ON 3-IN. CORK BOARD, SERIES NO. 1 
Test No 1¢ 2C 3C +C S¢ 64 
l 36.95 53.69 64.94 9 79 93.20 104 
36.68 53.97 64.04 78.53 91.84 ( 
3 3 RE 50.90 60.08 5.0 R7 80 oo 
4 R 33 1 65 1] 0 14 ~ ] 96 ) 
Temperature it 4.8 8.06 5.90 10.60 
thermo couple 6 4.8 7.70 } oe 10.40 19 
deg. fahr $8.36 0.25 85 5 04.18 l 3 133 
S 5.66 9.40 8 } 0 7 14.00 ( 
) 9 86 45.14 3 8 ( 64 TR RO 0 8 
0) ( Sé 0.40 gy 10 14.90 ) 
1] 33 RG 50.90 6 l6 5 38 R816 100 ( 
6.09 10.04 8 4 10.94 4.18 16.68 
B.t.u. per hr up 
plied heater 0.62 100.00 136. 2¢ 166.16 197.69 6.56 
Average conductivit 
B.t.u. per 1. ft 
per deg fahr per 
hr 0 0 0.098 0.105 0.104 0.108 ( 
Average condu 
tivity, B.t.u. per 
j It per in 
thickness per 24 hr 7.34 06 > Se 7.49 7 72 7 ge 
Average temp of 
cork, d fahr I Ol U 45.37 53.7 61 ) 
Trat I iot B.t.u 
p t. per de 
per hr 0 O82 0.084 0. ORS 0._O89 0.093 ( 
ra mis Oo 
1 per 5. it 
I d pe r ..F l 7 l 13 
I ed on temperatur ? in. from surfa 
8) ity of samy 1.8 lb. per cu. ft 


Series 1 showed that the temperature differ 


the front and back sides of the test box were dissimilar. Tl 


was possibly 


due to slight differences in temperature at different 


points in the refrigerator. Therefore, in order to estimate the 
temperatures of the sides of the box when testing lith board, the 
relation between the temperatures at the back sides of the te 

ox was determined from the tests in Series 1. From 


ductivity of the lith board thus found, the heat transmitted thro 


that surface was calculated. Vith this heat known, 
transmission \V calculated as in the tests of Series 1 
Vetho | second method for calculating the conductivity 
lith be was based on the theory that the conduetivity of 


two different materials is proportl mal to the ir temperatul auiter 


™. ] 
ences when subjected to the same conditions In order to apy 


this theory to the tests of Series 2, the 


probable temperature 


the front of the test box if cork had been inserted was obtained 


Since difference between the 


of the 
constant, / 


external 
front and back sides of the test box in the tests of Series 1, 
Thus, 


ternal temperature of the back side in Series 2 could be used in 


there was a temperatures 


, Was obtained from the ir proportion. the ex- 


estimating the probable external temperature of the front. side. 


This theory is expressed in equation form as follows: 


where ky. a constant the relation between the external tem- 
perature of the front and back sides obtained from 
the tests of Series l 


and all other factors have the same significance as in Eqs. [1] and [2]. 
Tests 

Tables ] and Table 
tests of Series 1, which is based upon the 
cork-board test box, and Table 2 vives the results of the tests of 
Series 2, in which the re movable eover of the test box was re placed 


by 3-in. lith board. 


RESULTS OF 


The results of these 
1 gives the results of the 


tests are given In 
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rhe conduetivity of the lith board as caleulated by both 1 
lues secured by the Method 2, how- 
used l other Cc leul itions mn 


i! 
preference to those determined by the Method 1. One 


agreed very closely The Vil 


ever, were more consistent and were 


other 
Method +a umely, 


feature was notice connection with 
1 


the 
consistent results of conductivity could be secured when econ- 


litions were not uniform enough to warrant the use of the Method 
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|. This fact was made use of in tests Nos. 4L and 3L, in which 


the temperature difference was small and the time that woul 
have been required to secure uniform conditions extremely long. 


Since the t during these 


{L and 3L 


1 Trip ratures were not abs lute lv Constal 


tests, the heat transmissions of tests Nos. 
as they could not be productive of representative re ults. 
The location « as indicated in the 


results will be understood by reference to the key to temperature 


wert omitted 


the thermometer elements, 


Continued on page 654 
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SURVEY OF ENGINEERING PROGRESS 


A Review of Attainment in Mechanical Engineering and Related Fields 
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The Combustion Process in the Oil Engine 
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secure i good diagram and a smoke less COMbDUstIO! ! matter @ <> Se > a a : —! iz 

| FEE E ; turmt > ss 
whe r a medium-pressure, high-speed Diesel engine is desire | basere! Sly 
such as was used on the submarines, or one with good regulation se 
such as a multi-cylinder type engine used for dynamo drive. Like- 

: ; . 1 ’ : Lusblo severhs 

wise, Neumann and others have investigated the influence of th ; 20 st 


ofver 
S1Ze Ol the droplets on the performance of the Diesel engine and the 7 
size itself has been measured and determined Asst of 

The subject of solid injection has been investigated by several SS —_ 


# 
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concerns in Germany and engines of this kind are being built | Lado evel schol 











Such injection has been used in the first place in hot-bulb engines 
and is satisfactory for that type. It has been extensively used 
however, for Diesel engines by the Vickers concert 

The author does not appear to be in favor of the 














method and gives the following comparison between s Injec- 
tion and compressed-air injection as caleulated for 1700-hp 
marine-type four-stroke-evel Diesel] engine It 
pressed-air injection, an air-fuel volume of 75 « 1 57 
t livered, per evele and injection ne 
! { I l ! | only \ tu ( 4 () ‘ 
( twet in the previous « 
pl t ection is in the neighborhood (WM) 
S4 ( nd with solid injectio I ; Fig I Drsonae Siseeiei: | Misnemadaiet “ren 
I » be obtained, the same amount f R : 
1 locity nd the er 
! nly one twenty-fifth that « corre 
pr le, which m« that inst ’ . 
' 2? 2 mi 0 OSS yy diamete ised a me | | 
} ! les lil used wi Q 45 () \ 1700-hp. 1 ' ee Ce W, Ch 
: ‘ts Betas a: ee ee . . i e Vir g1 hig. 1 t 
In the previous case the pressure on the fl 
where in the neighborhood of 300 atmos. Th ithor elai that I D k :¥0 Draceaus oe Fra. 1 
tl l luction of very small volumes of fuel u i? it al F I : | 
| } Va P I 
extremely difficult problem to operate at such ex ; 
pressure > P = “a & 2A 
The author further claims that the diffieult ic of materializing = . -_ : = : 5 8S y 
such high injection pressures are apparent in the Vickers engine it - g a5 R 48s, Sax 
the complicated appliances used for solid injection. Thus, each : S & E Ss soe 2<~ I Seconds 
of the twelve cylinders has its own fuel pump which, with its 4 359 67 , . i = 
regulating devices and manometer, is as wide as the evlinder itself i 3 175 | 16 8 ) 
lf me should compare a Vickers 12-cylinder engin with a German 
U-boat-type four-stroke-cycle engine likewise of 1200 hp. but with The compression is set at 25 atmos. The explosive character of 
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the combustion is indicated by the substantial rise in pressure during 
the injection of the fuel. The pressure under which the fuel is 
introduced is in the first full-load diagram at a level somewhat 
exceeding 300 atmos. or just about the values computed above. 
Properly timed introduction or governing of fuel injection, such 
as one is accustomed to in compressed-air-injection engines, Is out 
of the question here. Furthermore, the low compression cannot 
be used for computing the dimensions of the parts, such as base- 
plate, crankshaft, cylinder or cylinder cover, and therefore it is 
impossible to secure a low-weight engine, 
fact that 


this being due to the 
the compression pressure in low-compression, solid- 
injection engines rises to the same levels as in compressed-air- 
injection engines having a compression of from 30 to 33 atmos. 
Moreover, as is shown by the behavior of the expansion line with 
partial load, there is a strong after-combustion. It is difficult to 
understand how under these conditions the Vickers engine can se- 
cure the fuel combustion of 170 grams per hp-hr. (0.374 lb.) claimed 
for it by the makers—all the as apparently smokeless 
combustion is not secured. In proof of this latter statement, the 


more so 
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Fic. 2. InpicatorR DrtaGRAmMs oF A 1700-Hp. U-Boat 


ENGINE OF THE GERMAN GERMANIAWERF1 


1-STROKE CYCLI 


author quotes the following passage from an article by an English 
submarine-boat officer (Motorship and Motorboat, 1919, p. 175 
“They (meaning the Vickers engine) have, however, an important 
disadvantage, namely, they develop clouds of smoke which stretch 
for miles behind the submarine. The engines also vibrate, no mat- 
ter how carefully they may be adjusted, and if the personnel in 
the engine room is not very careful, they mav easily produce a 
smoke-sereen effect.” 

For purposes of comparison, indicator diagrams are reproduced 
in Fig. 2 which were taken under approximately the same condi- 
tions in respect to speed in revolutions and average compression 
1700-hp. German U-boat 


Here, apparently, explosive combustion and the sudden 


from a engine with compressed-air 
injection. 
pressure rise which accompanies it are completely eliminated, and 
the after-burning effect is comparatively slight. 

The author comes to the conclusion that solid injection is suit- 
able only for engines with a comparatively small output per cylinder 
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and operating at fairly constant speed and load. — For high-efficiency 
engines of large output, the solid-injection process must be con- 
siderably improved before it can enter into competition with 
compressed-air injection, and even then it is claimed by the author 
to have ho advantage is compared with the Steinke ke r process, 
which also operates without a compressor. 

The main features of this process have already’ been described. 
I:ssentially, it consists of the following: A fuel pump located in 
the cylinder cover injects the fuel into a special passage about 3 


deg. before dead eenter, \ the fuel together 


part ol 


with air 





enters a special chamber or retort filled with highly preheated air 


having a pressure of 30 atmos., which is several atmospheres be 


low the compression pressure and is ignited there so that the pressurt 


reaches 65 atmos. This pressure rise in the retort produces a power- 
ful injection of the fuel into the main cylinder, and it is claimed 


that the action of this case is better than with solid Injection, and 


the compression as good as with compressed-air injection, while 
the elimination of the compressor, the fuel-injection valve and 
the injection compressed-air tank with its valves and accessories 


ire of course of material benefit. 

In Fig. 3 are given four diagrams taken on an 
engine of the Steinbecker type. It is claimed tlat the combus- 
tion was smokeless throughout. 

The rest of the article discusses the subjects of vaporization 
tion, and combustion. These may be abstracted in an early 
Zeitschrift des Vereines deutscher Ingenieure, vol 
14, 1920, pp. 637-648, 13 figs., te) 
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Heat Transfer in Flues 


Heat TRANSFER IN Fives, Lawford H. Fry, Mem.Am.Soc.M.E. 
Discussion of the laws governing heat transfer in flues, with par- 
ticular application to locomotive-boiler flues. 

The present article is an extension of a former article by the author 
in Engineering for Feb. 19, 1909, and a paper read before The Amer- 
ican Society of Mechanical Engineers in 1917 (Trans.Am.Soc.M.E., 
vol. 39,°p. 709), and is based on recent work of the author and 
others. 

The rate of heat transfer is studied in its relation to the various 
factors on which it depends. These factors are: 

1. Temperature. The rate of heat transfer depends on the ratio 
of the temperature of the gas to the temperature of the flue wall. 


' Passage -retranslated into English from the German, as the original publication 
is not available-—EpDITor. 


If the flue wall has and if the 
temperature at one section of the flue is 7; and at another section 
r ft. distant along the flue is 7.2, all temperatures being measured 
from absolute zero in any scale, the relation between the two gas 


a mean temperature f, mean 


ils 


temperatures is given by the equation: 
lolog T t lolog 7’: t Ver. . ° }] 
and where 
M is a constant for a given set of conditions, being determined by 
the dimensions of the flue and by the rate of gas flow. 
2. Flue Dimensions. 


where “lolog’”’ means ‘‘the logarithm of the logarithm,” 


The two dimensions on which the above 
constant M (and hence the rate of heat transfer) depends, are the 
perimeter and the mean hydraulic depth. The mean hydraulic 
depth is the area divided by the perimeter, and in a circular flue 
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is one-fourth of the diameter. When circular flues only are 
consideration it is simpler and equally accurate to speak 
effect of the flue diameter instead of the effect of the 

draulie depth. This will be done in the present article, tl 


me 


e symbDo 








: , . — a 
d being used to represent the flue diameter in inches. If the equa- — transfer will be 16 times as great, or 668,800 B.t.u 
1 1 ] . " } ; j 
tions thus established are to be applied to annular or other non- From the data given in Table 1 i ld app 
circular flues, it is only necessary to replace d by 4h, where / of heat transfer falls off rapidly as the flue diam 
" " } ] 4 + 
the mean hydraulic depth Other tables are given showing the temper ec 
3. Rate of Flow of Gas. The effect of the rate of g¢ flow on of heat transferred in fluc > ft ng W the f 
the rate of heat transfer is dependent on the weight of gas flowing rate of gas flow are varied These table 
' 1 1 , , 
per hour per inch ol flue perimeter IExpressed in Vimbo this ol mere ne tue dia t\ cy] 
tatement is to the effect that the coefficient M in Equation {1 that is, on reducing th t of | ti 
iries with the ratio W/p, where W is the weight of gas flowing tables illustrate the effect o1 tt 
in pounds per hour and p is the flue perimeter in inch length, flue d eter, rate of ¢g \ g 
he relation between the flue dime | he rat u ‘ vel] he te we] ( the fue 
d the coefficient M is that given by the following « ae mie 4 les ion dimes al 
log M B m log 9 . 
I I I 
wher . j ‘ 
g (B 1.3 1.71 0.54 log 5 7 
Ir 
, ' - 
iy ] ) + Uo log 
The de t these equations trom the @xXm 
ed below, but attention is first directed the | 
t transfer disclosed by the formula 
equations [2 ) nd [34] show that for a g f 
uy t ( t t rate the coefhicient V i! oF 
t Phis1 that if distances along the flue re me | 
. ; 4 walk the gas temperature Is T. the g { 
/ hig 7 tis given | eq t} y ‘ ; Y 
yy . P , r erme { ( ) IB 
Zz 1 hOoloYg ] VJ ] 
+} lf 
i { AB) itt Mok t - 
M for ) g 
erature t temperature g 7] rig ri : ‘ 
| ( h nu rl I 
rthet F } ' yt ti ‘ y mie 
— i ‘ | { ,* ‘ ‘ i = & tom i - } ‘ ; f j 4 Vv 
raft rot , _ } } rt { is ’ l ) l | c 
‘ “ itt I rie is red ‘ / . 1 
| el determining the | t 0 . : ; 
it ‘ i! | ‘ ry tey 
ection the flue by finding the temperatur ; 
Phy yT I l ’ yers ry? l | ’ 
: . lesct ithor’s pape Trans.Am.S 
irt Tl re the torn ol equation l ( 1 t inrg me rt cs 
a \ 1917, p. 709 vhich he sur ls 
iy COTTespol to a rapid drop < ( I ng 
! i rate of heat tratr el . . p 
ey eT) ] = | { i 
‘ v the lue of .VW ts affected é t 
SOvrrve ( = go! Ips ¢ eXIyM ] 
" wrOR VARI riy “7 , 
\ I FFICI INT FOF! \RI I I Hedricl d -Fessend pu ’ rd thei | 
} rES O| I \ nage : , 
' lolog) formul Prans.Am.Soc.M.] vol. 38, 19 
) +) Ise ‘ . expr , ‘ ; e ft 7 ‘ ; } ; ' 
I J H I I I . 
4 been givel I r nd W g ! 
, previous exp! s for heat ti 
40 ; 
} ) . The rmule g n by write 
Jordan, Nusselt, Joss eB & VW 
vhich it depends, namely, flue diameter, flue perimeter 1 = Fessender | ddition t the ! 
e ol g flow Another table (Table 2) in the orgn rticl boiler tests, t of whi ve r 
given ft how the length of flue necessary to reduce e gas road witl motive b rs and t t ( 
Mperature trom n initial value ol 2000 deg to «420 de ih boilers one . Ni son ’ xperime 1 
ith flue-wall temperature of 380 deg. and from this table it second by the Bureau of Mu na Hei 
pears that wit] n. flue the above temperaturt return-type boiler [ vol. 110, 1 
ke pla 76 ft. of pipe with a flow of 100 Ib. per hour, wl 1920, pp. 265-268, 5 figs., teA 
Pound rAl 1F COEFFICIENT M 
Gas ft 
I ho 
Perimet 
per Hr I le Di I 
Ww s ( + ) 0.58 ( 0 5 8 .;« ") 
) ‘ ) x] 0 } 0 15 0 0 5 ) 4 ) ) ) BO) ) ) ; ) s + 
5 ( ) ) 65 0 3 0.201 0.1790 ) O3 ) 470 0 0 0 O75 I 0.089 , O8 40) ~ ) 
+ ) ) 0 ) 0 0.188 Oo. 1¢ ) 0 $93 ) ) 10 ) ) ) RA ) RY ibe! ) ) ; 
Ss 0 0 0 4 0 6 0.1563 0 390 ( 5 ) ) 9 0.0901 0. OR18 ) 0 ) ) 
5.00 0 ( 92 0.166 0.1460 0.1290 ) ols oO ) 0. OR %¢ 0.074 0 
) 0 16 ) 0 0.180 0.155 0.1360 0.1205 0 53 193 0.085 0.0 6 ORO 59 ) $ ) 
) 0 33.0C«< 8 0.169 0.145 0.1270 0.1120 0.0974 0.0864 0.0 + 0.0693 0.0 ( 48 0.0498 0.04 4 
6 0 l 0 RH O.159 0.136 0.1187 0.1043 0.0903 0.0800 0.0703 0.0635 0.0 0.0498 0.0450 0409 0.0 ~ ) 
0 0. 206 0.176 0.150 0.127 0.1110 0.0970 0.0837 0.0738 0.0645 0.058 0.05 0.0451 0.0405 » O03 0) 38 { 
45.2 0.198 0 66 0.141 0.119 0.1035 0.0903 0 Oo776 0 0682 0.0594 0.0533 0.0471 0409 0 0366 0.0 ) ) O303 ) 
64.0 0.187 0.15 0.133 0.112 0.0965 0.0840 0.0720 0.0631 0.0546 0.0489 0.0430 0.03 0.0329 0.029 0.0270 0O 
FO .9 0.177 0.148 0.125 0.1047 0.0903 0.0781 0.066 0.0583 0.0502 0.0448 0.0392 0.0336 0.0305 0.026 0.024 0 
8.0 0. 1¢ 0.139 0.117 0.0981 0.0843 0.0727 0.0618 0.0538 0.0461 0.0410 0.035 0.0305 0.0268 0 39 0.071 0 
181.0 0.158 0.131 0.110 0.0918 0.0788 0.067 0.0573 0.0498 0.0425 0.0376 0.0302¢ 0 O27¢ 0.0242 0.0 0.0194 0 
256 0 0.150 0.124 0.104 0.0861 0.0736 0.0630 0.0531 0.0459 0.0390 0.0344 0.029 0.0250 0.02719 0.0193 0.0173 0 
362.0 0.142 0O.11 0.0974 0.0807 0.0688 0.0586 0.0492 0.0425 0.0359 0.0315 0.0 i 0.0227 O.O198 0.0173 O.O155 0 
512.0 0.134 0.110 0.0916 0.0756 0.064? 0.0546 0.0456 0.0392 0.0329 0.0289 0.024 0.0206 0.0178 0.0155 0.0139 0 
24.0 0.127 0.104 0.0862 0.0710 0.0601 0.0508 0.0423 0.0361 0.0303 0.0265 0.0225 0.0187 O.O161 0.0140 0.0124 0O 
1024.0 0.120 0.098 0.0811 0.0665 0.0561 0.0473 0.0392 0.0334 0.0278 0.6242 0.0205 0.0169 0.0145 0.0125 0.011 0 
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Short Abstracts of the Month 





AIR MACHINERY (See Thermodynamics) 
DeLaval Direct-Connected High-Speed Turbo-Blower 


22,000-r.p.M. SinGLte-StaGe Turso-Biower. In 1916 the 
Westinghouse Machine Company built a small blower designed 
to run at 43,000 r.p.m. which actually ran at speeds as high as 
60,000 r.p.m. 
damaged, and there is no information available whether it 
ever actually placed on the market. 

It has proved, however, that blowers running at these terrific 
speeds are fully practicable. . 

In this connection the unit recently built by the Rateau, Battu, 
Smoot Co. of New York City and described in Power 


In one of the tests the rotor of this blower was 
was 


is of par- 
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an idea of the size of the rotor, which weighs 
only 138 Ib., of which 100 Ib. is in the turbine rotor, and only 38 
lb. in the blower rotor. 


of the casing gives 


The rotor had to be made of a single piece in order to give it 
the maximum rigidity. It is so designed that at 
r below the elastic limit of the metal. 
running at the high speeds employed in this case 
the tip speed of the blower rotor is 1400 ft. per sec., or 
than the velocity of sound) centrifugal forces become of extreme 


all points the 
stresses are f: In machinery 


at 26,000 r.p.m. 


greater 


importance, as one ounce weight on the end of the blade exerts 
a radial pull of approximately 3.75 tons. 

lig. as to the normal pe rformance of the 
turbine and blower as shown by the elaborate tests made before 
shipment. An interesting feature of the operation is that at full 
speed and overspeeds slightest 
The results of these tests also show that two machines 


3 gives some data 


the machine operated without the 
variation. 
of this type working Im series can he made to compre ss mir to LOO 


lb. pressure in small units, and three machines in series would 

















Figs. 1 AND 2 


ticular interest. The unit was built for a South American mining 
concern and before shipment was operated at 26,000 r.p.m. for 
test purposes, but is intended for normal operation at 22,000 r.p.m. 
It is a single-stage turbo-blower which, when operating at its 
normal speed, will compress 3000 cu. ft. of free air per min. to 





Note:- Maximum pressure 
obtained with this blower ‘ 


nch at speed 








c c Sina ‘e-stage blower driven by mre 'tistaae turbine. 
‘ : 
3 Steam -consumption and pressure-volume curves 
< ¢| + when overatina under conditions asf 
ae |-————_ —- 


eee | Steam Pressure /50 1 
| Superheat 100°F, 
Vacuum 4” abs 
Barometer 28.1" 
jd Speed £2,000 r. 
2000 3000 4000 
Cubic Feet per Minute at Blower Inlet 
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YRMANCE CURVES OF TURBO-BLOWER OF Fic. 1 


15 lb. per sq in. Fig. 1 shows the complete unit 
the turbine at the left. 

In the turbine the rotor has three wheels which are machined 
as an integral part of the shaft which is made of a nickel-chrome- 
magnesium steel, heat-treated forging, the radial blades being 
machined as an integral part of the shaft. Fig. 2 shows the rotor 
removed from the bearing and resting on the lower half of the 
casing. The 6-in. rule standing vertically on the right-hand end 


assembly, with 


22,000-R.P.M. SINGLE-STAGE 


TuRBO-BLOWER 


give a compression as high or higher than 100 lb. for large-size 


machines. (Power, vol. 52, no. 9, Aug. 31, 1920, pp. 327-328, 
4 figs., d) 
BUREAU OF STANDARDS 

Arr Forces on CircuLtar CYLINDERS, AXES NORMAL TO THE 


WIND, WitH SpeciaL REFERENCE TO DYNAMICAL SIMILARITY, 
Hugh L. Dryden. One of the most difficult problems of the air- 
plane designer is to obtain a method of computing forces on full- 
size machines or full-size machine parts from measurements made 
wind tunnel. A certain equation deduced from 
theoretical considerations has long been known and used, namely, 
the equation proposed a long time ago, first by Helmholtz, later 
stated by Reynolds, and developed more fully by Lord Rayleigh 
and Buckingham. 


on models in a 


This equation is a logical consequence ol cer- 


tain assumptions and states that, if these assumptions are true, 


the force of a current of air upon a solid body may be expressed as 


CpAV?, p being the density of the air, A the area of the ! ody pro- 
jected on a plane normal to the wind, V the ve locity of the v ind, 
and C a dimensionless constant depending on a s.ngle parameter 
VL/v, where v is the kinematic viscosity of the air and L is a linear 


dimension of the body. This equation then implies that if C 
be plotted against VL/v, the points will fall on 
independent of the individual value of V or L provided the bodies 
are geometrically similar and present din the same manner to the 
wind. 

This law is a logical consequence ol the assumptions. 


the same curve 


Although 
some tests have been made of the validity of the assumptions in 
the case of wind-tunnel experiments, no extensive investigation of 
a body of simple geometrical form over a large range of values of 
V and L has been published. results 
of tests on evlinders for different values of L. An atte mpt 
made to make the assumptions involved in the derivation of the 


The present paper gives the 


was 


equation true as closely as is possible in wind-tunnel experiments. 
Cylinders of 1, 1'/4, 1! 13/,, 2, 21/2, 3, 4, 41/2, 5, 5'/- and 6 in. 





NoveMBER, 1920 


MECHANICAL 


(0.0254 to 0.1524 m.) were used at velocities from 15 to (in the ease 
of the smaller cylinders) 80 m.p.h. (25 to 130 km. per hour, ap- 


of values of VL/v was from 10,000 to 
were made of 


proximate lv). The 
185,000. The eylinders 
of those less 
additional 

The 


e to infinite cylinders. 


range 


wood with the exception 


than 2 in. in diameter, which were in brass: but an 


l-in. wood eylinder and 4-in. brass evlinder were also 


used “guard ring” principle was used to obtain results ap- 


plicabl 


Tl e Kr ults show t} nt the equation does not represent the facts 


experiments in the case of evlinders. 


ent C ra l-in. eylinder is half again as large as that for a 3-i1 
evlinder at th me value of VL/»y. Above a 3-in. diameter the 
eq nl tisfied closely, the coefficient being practically cor 
tant and equal to 0.426. The curve for the I-in. evlinder ¢ 


N PJ | ele ely The maximum dey rture ? 
er let +} } " bout 2 er cent \I ! 
trie I! T ] showe | t] if 1 th ( { r 
} , 
1icic T ool thre erage adect ein wp et 
to the l Inere ein pre ire on the fr { } 
in the e cylinder Abstract of S P 
/ \ ne 4 f 


nder parts of low eS re greathy 
INncrense cost maintenance to the 1 roads | ‘ 
' the « Iron entering into their constructior 
matter paral nt importance, particularly from the stand- 
t vear. ‘These parts include piston-valve bushings, piston- 
lve packing rings, piston-valve bull rings, evlinder bushing 
pist cking rings and piston-head or bull rings. It was found 
hat ordinary high-silicon cast iron gave unsatisfactory wear, 
rticularly in modern superheater locomotives, and the tender 


and stronger iron 


toward a harder 
\t the request of the U.S. Railroad Administration, the Bureau 
st rds | i! tigated the mechanieal, chy |, and micro- 
propertis f a number of packing rings furnished with 
! mileage records, as well as arbitration-test bars, chill-test 
nd Ince ous examples from = difl t manufac- 
{ll this material was cast iron such as used for the 
( ler par The Bureau of Standards ( e time 
! v of the pre is work and specifications ib- 
rtaiy , nossible the 1 tices of 1 ial 
to suggest such revision of existing sp tion 
ld be warranted by the results of the present r in- 
ind that ir! iron is made mor r- 
I {in general somewhat better mechar properties 
irol | latter, however, often equ or even @Xx- 
u e product in mechanical pr Ist 
! variable factors, it was difficult 1 rrel] 
tween laboraton | service tests. It was 1 
I { the present and other investigations I - 
eth requirements of the Standard American Society 
Materi in. Arbitration Bar be increased f1 
tM) (ht) ? ting In. or le S 1! ! 
(HM) soi) r ¢ u er i! t \ 
P St 172 


~ U Pi ( ) He LO 10 ) IRON ND 
* IX. A. R ie ay ae ) 
1} l t \ ! 
hown b I sLer I Ss much 1 ter t ! " ve 
resence Of iron dec! es t corrosion of both ore how- 
eve inn Che ee. teel It was further found t it W the 
manganese present in the steel, but not in the iron. which was 


intensilying the action of copper in reducing corrosion 


Of considerable interest are the remarks of the authors on pure 
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iron. Hitherto the effort w to make manganest mn pure iron 
intended for use as a rust-resisting material as low px le. 
However, commercially pure iron contau out 0.04 per cent of 
copper, Which causes it to be red-short. The addition I] 
amount of manganese would mal this iror lightly 1 re rust- 
resisting nd at the sam tI remove tl t iC! t re 


hort, while the 


would materially increase its rust-resisting propert 
} “1 } {] , ner { ’ } 
1? cause oT the intluence of ¢ ry nN S 
, . 
' er beet +) ot rily explained The r\r ‘ ¢ 
y} t thew « 1 7 fily or ero t 
istance I} CO! ‘ +} 
heeom rust-resistar 
rtai f ( or { , 
\ br ( 
briel i 
rticl P ented at 0 y 
/ } \ ( lay () s\ O-() 0) 
pp. 123-155, 6 \bstr t 


20-**Year’’ Tests of Cement and Mortar Materials 


I 


G-Time 7 3; Ol 


JONG NI 

ND Voutcanic Asues, I. Hiroi. D tw ! er- 
g a period nore than 20 year Son thi ments used 
for the first series of tests wer nufactured | 1 pr f 
irning in so-called “bottled” | vhile those 1 econd ies 
were produced in modern rotary ns Another ser tests 
is also under v which it is proposed to ext ove period of 
100 vears 

The following are some of the conclusions arrived at by the author 
In sea water neat-cement briquets attained maximun trength 
in the cours less than a vear er which they rapi ined, 
in some cases « tely losing their tens trengt ir or 
five years. The ithor aseribes this peculiarity to ex - 
tallizatior whi es the ructure hig ! W hil 

Ing the strengt t entire] t! rl I in 
trength, w tter, 1 t, } ( I é 
tensile : ‘ - = 
thy —_ ’ tw et thy ter ’ roe 
ha | lve I { g ich 
higher th ones. 17 , 
! I! I ( = ert ( ! re 

el ’ t ‘ ’ wor \ wou 

P t r th « icl rtar 1 r at 
So and 00 Kg. per 1210 i710 ! ( ely 

1 used for mortars, and it w t ' | 
‘ rst sands pl ict | prac 1¢ Ly eq 1 4 | \ y 
ind t © decidedly inferior ir, fresl ter veter 
th in tension ar n compressi 


t the lower the prope 


) t 4 ‘ ' r = 1 ( 

much as A pr | 

tly and ! mn 

l ) +} ; 
2 t 

fill wy } 

i i 

ests on t ‘ cu | t f 


nes in ce I r is } Ve 
In air tests i \ | t 1 ’ ed 
the low r tt Tl th ) 1 | ! nf 


I he other hand, in sea-water t 1 { perl l uy 
on the side of the ash-cement mortars, which are, | ( veaker 


than straight cement mortars in compression. 
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The action of voleanic ashes when used in a cement mortar ap- — tile matter in the fuel, which latter ulti ly determines whether 
1 rs to be twofold, viz., mechanical and chemical Mechani ly, the fuel can be utilized a l] 
the ashes inerease the density of the mixes, making the lattes r Among other things, | yrade fuels requ 1 gn 
or less impermeable to sea water; chemically, the combin: of in Germany foreed-dratt traveling grates were chief 
silica with free lime in cement, which makes the latter unassailab! Austria and Hun vy preferencé was given to | 
by the sulphates contained in sea water, seems to be the most im- Pluto stoker 
portant action. The activity of silica contained in ashes naturally \ Pluto stoker of old design is shown in Fig. 4. — Its « char 
depends on the state in which it is present; and while there is no teristic was the use of a massive hollow grate body and rigid sid 
doubt that the soluble portion is the most active agent, the total walls Karly uset ound that the hollow grate | li 
amount of silica should also be taken into consideration. ‘Thus, not last very long and that the fire on them could not 
the Otaru ashes, which according to the analysis contain the least tnained. In later vears, however, improvements made in the di 
amount of soluble silica of the three but the largest amount of the — sign largely eliminated t source of trouble, and it was found that 
insoluble one (on an average of 61 per cent in the Otaru ashes, some of the early troubles were due chiefly to the t that tl 
, produced higher amount of draft available in the furnaces was entirely insufficient 


17 per cent in the Yoichi, 34 per cent in the Goto 
strength than either of the other two That a 
insoluble silica enters into combination to form soluble compounds 


portion of 


ashe 
asnes, 


Tokyo Imperial University, vol. 10, no. 7, 1920, pp. 155-172 and 


which led to improper « 


‘combustion and rapid deterioration of the 


rrate bars. 


rroneous 


» take out particularly 


in course of time is shown by the several analyses made of (Otaru It is claimed that in those early days there existed an « 
ash-cement mortar block kept in sea water, the results of which impression that the availability of foreed draft made the further 
are given in the following table: and more important action of the smoke stack unnecessary, which 
Silica (Total 100 is, however, incorrect, as the action of the forced draft can hardly 
Time of Analysis Soluble Insoluble he sufficient to overcome the resistance of the fuel by d and to pro 
Before induration 43.73 56.27 . _ . | 
2 months 46.28 53,72 duce a slight vacuum in the fire chamber. Even then the ques 
7 months 47.29 52.71 : . neem ? — -_ ‘ a sd a 
7 Ae cs ml en an 49°92 tion of carrying off the gases of combustion without materi: 
38 months 53.95 46.05 turbulence remains still to be taken eare of. 
wr » ° . ° ° ‘ for “- 7 acs far as ssible the troubles , ¢ 
The value of volcanic ashes, as an ingredient in a cement mortar “ _ wap eta - ly d ms as possible the t1 
° ‘ a ° P ‘ P er " W or: > ars “s » ‘ 7. ‘ at- _— - — 
is possible of direct determination by testing the combining power UOUOW Brat le - 3 ee b, ae se ] 
of the ashes with lime. (Journal of the Colle ge of Engineering, t mpt was made to produce what t le origina | } 
article calls a “removable grate,” which — | at | 
y | 
{ 


10 plates, e) 


FUELS AND FIRING 
German Pluto Stoker and Its Improvements 


DEVELOPMENT OF THE PLUTO STOKER FOR THE UTILIZATION OF 
Low -GrapDE Fue s, Otto Nerger. While attempts were made in 
Germany and Austria before the war to utilize the poorer grades of 
fuel, it was under the pressure of war conditions that a really 
earnest effort was made in this direction. Among the poorer 
grades of fuel available for industrial use on a large scale by the 
Central Powers are, first, the waste products of the coal mines, 


such as coal dust, breeze, products of coal washing, coke breeze 


yf 
4 
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PLUTO STOKER 


4 Earty DesiGn o1 


slide plate to govern rate of 
govern supply of fresh coal to fuel bed 


of coal; Kohlenvor- 


supply 1 
Hohlrostk6ér per, hol- 


Kohlenregel 
schieber, slide plate to 
low grate bars; Anhdnger, rocking slag grate.) 


rT, 


and coke ashes. Next to this come such low-grade coals as lig- 
nite and peat, the latter fuel being largely in a class by itself, 
however. , 

All of these low-grade fuels require special appointments for 
their utilization, depending to a certain extent on the moisture 
and ash contents of the fuel, but above all on the content of vola- 


makes it possible t 
badly attacked parts of the grate surfac 
and to replace them by fresh elements at 

Fig. 5 shows 


comparatively low expense. 
From 


grate with removable bars. 
the general shape of 


such a 
this it appears that 
the grate has not been changed, but that 
a frame and grat: 
This construc 


each section consists of 


. 


elements inserted therein. 
tion has also been of advantage because the 
bending of the hollow grate bars 
used in the older structure has disappeared in 
the new, and it is claimed that the new tvp« 


(iti 


massive 


| 


of grate, of which many thousands were i 
stalled during the last five vears, has proves 


Biche 





to be more economical from the point o \ | 
view of replacements than chain grates = - 
This is due to the fact that in the Plat: ¥ 
stoker it is only the inserted elements in) (2. 

the firing zone that have to be replaced Kia. 5 - Sy 
from time to time, while the frame and GRAT witH Rem 
other parts are subject Lo practically ho ABLE Lars 

wear. 

In order to reduce is sn ich as possible th droppil gy through 
the grate of unconsumed combustible material, the rigid side wal 
of the older grate were replaced by a springy, adjustable stru: 
ture such as is shown in Fig. 6. From this it would ay r tl 
the structure maintains its adjustment at all times because tl 
springs are located not at the level of the combustion chamber 


but in the comparatively cool ashpit. Furthermore, the arr: 
ment of the parts is such that there is always an opportunity 


to tighten up the springs even while the furnace is being oper- 


ated, 

In many types of furnace it has been found that the residues of 
combustion clinker together on the short and rigid ash grate and 
can be removed only by knocking them off with bars through 
sidewise-located openings. This trouble has encountered 
quite often, particularly with fuels inclined toward the formation 
To obviate this the usual rigid plane grate 


been 


of clinkering slags. 
has been replaced by a suspended traveling grate, the construc- 
tion of which may be seen in Fig. 4. This suspended grate is con- 
nected to the hollow bar grate by means of a hinge and, therefore, 
goes through the same motions as this latter. Because of this 


the slags are never at rest and have no opportunity to clinker. 
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Furthermor the use of the mov ible Is} mn gr thie In thi l ed (a R l- 
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FLELS AND FIRING “a - 
hurEL-] my R ) *” THE Bririsnu A WN \ 
third report of the Committee (Prof. W. A. Bon 
( ! ppointed for the investigation of fuel « if MACHINE TOOLS 
nd smoke prevention, presented to Sect B . » 7 
ritish Association Meeting on Aug. 26. The report ale Sonic Wave-Power Tools 
lderable amount of data on coal mining and export statis Dorman Wave-Power Toots. In Mecuanicar |] 
hich cannot be abstracted here, also on future ¢ standards June 1920, p. 359, an abstract was given dealing with tf ( - 
l alcohol from coke-oven gas stantinesco sonic Waves and the method of power 
\s regards the gas standards, the Committee looked at the ques- rapid impulses in liquids 
n primarily from the point of view of the national interests as Information about this novel method has beer 
Whole, and particularly from that of domestic and industrial easily obtainable. The method itself was invented by Georg 
eas consumers. It agreed with the Fuel Research Board that the Constantinesco. a Roumanian engineer, and was in t! rly stages 
iture basis of charge to the consumer should be the actual number — of development in England when the world war brok« it \s 
thermal units supplied to him in the gas which passed through soon as this happened the British government took over the « X= 
his meter, but desired that the charge should be based upon the perimental work and made the patents secret under the D S¢ 
iscertained net calorific value” of the gas supplied rather than of the Realm Act This secrecy was maintained t { 
“ its “declared calorifie value” as proposed by the Fuel Research tent that even Walter Haddon, a prominent British n ture! 
Board. and assoc late of the inventor, was forbidden access to his ow) 
As regards the gas pressure, the Committee recommended not W. H. Dorman & Co., Ltd., and refused information regarding 
less than 2 in. of water at the exit of the consumer's meter and not — results obtained 
: ‘tly measure of pressure in the mains or service pipes, taking the The necessity of such secrecy was due to the fact that 
stand that what mattered to the consumer was the adequacy ol transmission method was early applied to the C.A f 
the pressure in his pipes rather than in the gas mains outside his automatic firing of guns on aeroplanes 
premises. The Committee attached great importance to the Since the close of hostilities, W. H. D rman & Co td., re 
pressure being maintained as constant as possible, as well as to — stored to the use of their patents, have been at work in the develop- 
the requirement that greater attention than ever be paid to the ment of power transmission by wave motion and the tools neces- 
removal of cyanogen and sulphur impurities from the gas. sary for its application. The following information is obtained 
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from a publication issued by the company, under the title Dorman 
Wave Power Tools, this source of information being used in this 
case because of the fact that no other source is available. For 
the principles of the method, reference is made to the abstract in 
the June issue of MECHANICAL ENGINEERING referred to in the 
first paragraph. 

The wave-transmission installation consists of three units corre- 
sponding to dynamo, transmission line and motor in electrical 
installations. The first of these units is a wave generator, which 
consists of one or more metal cylinders, each fitted with a piston 
connected by a crankshaft to some high-speed prime mover such 
as a steam or internal-combustion engine, or, considered for this 
particular purpose, an electric motor; second, a wave-transmission 
pipe line which may be either rigid or flexible and in which various 
kinds of fluids may be used, though the highest transmission effi- 
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Fic. 7 PoWER-TRANSMISSION GENERATOR 


‘CAPACITIES’ ’) 


(SECTION THROUGH 


ciency is obtained with water; third, a wave motor, which consists 
of one or more metal cylinders, each fitted with a piston designed 
to receive the power wave at the intake end, the other end of the 
piston being suitably connected to the tool or mechanism desired 
to be operated. The simplest application is found in such appli- 


ances as rock drills and riveting hammers, where the pisti n is 
as a floating hammer and strikes directly on to the shank 
end of the drill or rivet snap. 


Issent lally 


used 


, & Wave generator is a pump, but since its purpose Is 
not so much to convey the liquid as to convey it ina certain manner, 
that is, by impulses regularly following each other at predetermined 
intervals, it has some features not encountered in ordinary pumps. 
One of these is the so-called “Capacity,” shown in Fig. 7. By 
“Capacity” in wave-transmission terminology is meant two spher- 
ical hollow steel castings designed to suit the pressures adopted. 
These are bolted to the crankcase and located by the crosshead 
guide. The disposition of these vessels on either side of the crank- 
case balances the forces of the crankshaft and insures freedom from 
vibration and quiet running at high speeds. The vessels are con- 
nected by a pipe at the top, the function of which is to equalize 
the pressure in each and enable the whole energy of the generator 
to be taken from either vessel. At the highest point of the balance 
pipe is a small needle valve for releasing any air which may get 
into the system. This is only required for a few seconds when 
starting up. 

Screwed into the left-hand spherical vessel is an inlet charging 
valve actuated by pressure difference. When the minimum pres- 
sure in the capacity is greater than the pressure of the pump, it 
is closed. But immediately upon the pressure in the capacity 
being lower than the pump pressure (due to loss of water) it opens. 

For the pipe line either rigid or flexible piping may be used. The 
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construction of the Dorman flexible pipe is shown in Fig. 8. The 
individual sections are made from solid-drawn steel tube or other 
metal, with spherical joints at the ends. These joints consist of 
a piece of steel formed with a spherical recess at each end, into 
which fits a length of solid-drawn tube upon which is mounted a 
ball piece which accurately fills the spherical recess. The ball 
piece is flattened out on one end to receive the special packing ring 
made from materials suitable for the purpose for which the pipe 
is used. 

A spherically seated nut screwed into the double socket shoulders 
against the spherical surface of the ball piece and holds the pipe 
together. It is claimed that this type of piping can be made for 
pressures up to 10 tons per sq. in. and also that it has been in 
constant use for the last three years under alternating pressure 
varying from about 1600 1b. per sq. in. down to atmospheric pressure, 
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the pressure variations taking place between these two extremeties 
forty times per second without causing the slightest trouble 
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Power-TRANSMISSION HamMer-Type Rock Dritt 


The third element in the 
motor, but this is not shown in detail in the public 


Wave power-transmission system is the 
tion from which 
the present abstract is taken. 
will give an idea of the 


as hammer-type rock drills 


The illustration in Vig. 9, however, 


construction of wave-power tools, such 


In this connection, if may i stated 


that for this type of hammer a rapidity of 2400 to 3000 blows per 


minute is claimed, which, it is said, gives a higher rate of 


pene- 
tration at a lower power consumption than is possible with the 


pneumatie drill. (Dor Wave Po Tools, published by W. 
H. Dorman & Co., Ltd., Stafford, England, 68 pp., illu 


mar 


trated. ad) 


MINING MACHINERY 
PUMPS 


See Machine Tools 


Pumps ror Corrosive Liquips. 
corrosive liquids is of particular, though not exclusive, interest 


to the chemical industry. 


The question of pumps for 


Various materials have been tried w hich, 
while satisfactory for some purposes, failed under other conditions. 
Thus, ferrosilicon resists some acids but not hydr whlorie acid, and 
is unsuitable for processes where contamination with iron must be 
avoided. Lead and regulus metal cannot 
containing metallic salts. 


be used for solutions 
Ebonite will not withstand hot liquids 
and is attacked by some chemicals. 

It would appear that the substance which is most generally 
suitable for resisting the action of corrosive liquids is some kind 
of silicious ceramic material, as this can be obtained in forms en- 
tirely insoluble in almost any liquid. On the other hand, however, 
the usual type of ceramic material is difficult to shape and has 
somewhat unsatisfactory mechanical properties. 
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12 Roro-Piston Pum 


the ‘Roto-piston pump to maintain contact with the outer case in 
an?apparently eccentric motion which is, nevertheless, completely 
balanced. The crescent-shaped space between the cylinders is 
sealed at its ends by the contact of the cylinders and at any point 
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See Thermodynamics 
See Thermodynamics 
SPECIAL MACHINERY 


See Machine Tools 


British Machine for Testing Springs by Scragging 
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THERMODYNAMICS 


Shape of Insulation and Efficiency of Heat Transfer 


THe Errect or Geomerric Form vreon THe H FER 
rHrouGH INsuLATION, C. Ek. R ithor invest tes the 
methods for the seleetion of insu ! i ilar, 
the relation between the shape of the insulating el » its 
efficiency as an insulator. This has a particular valu for the 
refrigeration industry. In such applications the insulation of 
steam piping, it is of course also desirable to make ting 
element as efficient as possible, but not so important n refrigera- 
tion, because heat is much cheaper to produce th ld and there- 
fore its loss is less important. The writer analyzes three cases, of 


which the first is quite common, while the other two, he claims, 
have not been properly investigated. 


The first case is that of cork board used for insulation with the 
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Fig. 13 New SpriING-ScrRAGGIS MACHINE OPERATING AS A | 38 
heat transfer occurring normally to its largest area. The second — |b-deg. fahr. units per linear foot of pipe per hour, where R 
ease is that of circular pipe insulated with a cylinder of insulation the mean integrated radius vector. 
(Fig. 14). For this case the writer derives an expression The writer takes numerical examples, one for ¢ 
aa 1/09" rn “ert: S hat results the ‘thanges of form have unon the 1 
” - 1 R,) Ts T:) ( ye 7’, a ges wha ci li | chang 1 | _ = \ iy } . , 
a a rans = - meer 7 o leat transtier in unit time at constant thickness through 2 nu 
. o ro o " >, log. 4 - : ‘ ‘ ai , 
loge Re: loge fy Ry loge (Hta/ Ri formed cork having a heat-transfer constant ¢ 0.49 lb-deg hi 
where Q is lb-deg. fahr. units transferred per sq. ft. of pipe surface units per sq. ft. per deg. difference per in. of thickness per hour 


per hour; C is a laboratory constant of heat transfer which has to 
be determined for each material; R; is the radius of pipe in inches; 
FR» outside radius of- insulation; 7; temperature in deg. fahr., low 
side of insulation; 7, temperature in deg. fahr., high side of insula- 
tion. 
The expression 
2rC(T: T1) 
Q, = a (4] 
, log. (R:/R;) 
gives the rate of absorption for cold piping or radiation for hot 
piping. 
If the rate of heat transfer is known and the thickness of insula- 


tion R R». must be calculated, the formula 
he ic T’) 
R Rie —— [: 

RQ 


may be used, where e is the Naperian base. 
Case 3 is that of 
(Fig. 15 


a circular pipe enclosed in a square of insulation 
, Such as a pipe laid ina box or trench filled with granulated 
cork, the pipe being installed coaxially with the trench. 

For this the author derives the following formule for the heat 


transter: 
AR, (T T}) 
Q. = ( -—— —— 
T Ke R, loge (Ra R, 


lb-deg. fahr. units per sq. ft. of pipe surface per hour, and 


Rs (T. T;) 
2-20 > 1 
Ra | loge (Ra/R)) 


and a temperature difference of 100 deg. fahr. T: T, 
The actual calculations are given in the article. 

2-in. molded cork insulation is applied to a 2-in 

case Equation [8 37.8 lb.-deg. 


In case <,. a 
pipe, 
fahr. units per sq tt 


in which 


gives 
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Fig. 14 Crrevutar Pires INSULATED WITH A CYLINDER OF INSULATION 
DIAGRAMMATIK 
Fig. 15 Crrevtar Pier ENCLOSED IN A SQUARE OF INSULATION SUCH AS 


Box or Trencu (DIAGRAMMATI 


A similar computation for the ease of cork-board insulation and 


heat transfer normal to its largest area gives for Q a value of 
24.5 lb.-deg. fahr. units per sq. ft. per hr., whereas in case 3, with 
R, 1 in. and a thickness of covering at A, of 2 in., give $27.6 


lb-deg. fahr. units per average sq. ft. per hr. 

It would appear, therefore, that the second form transmits 54 
per cent and the third form 11 per cent more heat (at the particu- 
lar thickness of 2 in. with 2-in. pipes) than the first form. (lee 
and Refrigeration, vol. 59, no. 3, 1920, pp 82-84, 
4 figs., tp) 
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Wire-Drawing Compression Method of Heating Gases — cated. If the pump shown iv an 
Causes of Overheating in Air Compressors with sitatinen nat ol then aatndine oat on tatewealen 
Leaky Delivery Valves the temperature of the air in the pipe 71 he 7 
























































\ Dynamical, Meruop ror RatsinGc Gases TO Hicu Tren- high to effect ; 
PERATURE, Prof. W. H. Watkinson. If air be lowed to flow r example. the air admitted 
Troma the tmosphere through a spring loaded wit rawing kw / vire ( , ‘ a 
liusted so that the air in the evlinder during the charging stroke compressed t yy ire of twe r} 
is constantly at a pressure of one-quarter of an at nhore and 7 
ou ir is subsequently compressed to atmospher rr ire SQ 
ther iming adiabatie and frictionless condition nd neglect 
! { effect of clearance in the pump evi lute 
P frome of 41 ir at the end of « pre c 
es 1 olute temperature thy t 
pher that 1 l hig. 16, will be appr ( to | 
SS t is, 432 deg., when the atr ' iP 
» t The reason for this tl re e I 
ear AC lO, 1 pproximately an 1 her ' 
e pump cylinder, and the te b 
luring the ¢ ging stroke is appl - 
— = f 
I equ v ng the « ection betw ire mi 
1! me of a given ! of gase ( I d 
| ! n. namely 
/ p.\*—! Ve\’ 
l & . (, ) 
that tl olute-temperature rat — a ; 
rati nad not oF tiv ? t 1 ; 
| { illu trator ! { | } 
100 at ! { ti 15 r 
e ‘ thie I l 
i | | p by | » r —— 
Pherefore, 1 p " 
r r fi the at . Gas 
‘ ot tt " 
‘ i - ‘ = 
thi t { " 
= «ih th, sf 4 
10. the air in t aes Ee Dl i 
P » of the anak th ; eae 
CO! pressed I! one tmosp t< Ho 
pressure will o1 be equal to 10 ati or t the eng \ 
vith which it is in free communi 
4 lhe be e dal ‘ lon We ild ilse eXplal \ Se] rl 
1 
, Ing may occur in air compressors having a leaky deliver ( 
n If lor eX ump l single stage r compressor « yr inJ i 
. Volume V to 4 atmos. the delivery valve was held parth eon h ; 
I 16 Pressure-Votume DIAGRAM FoR CoMPRESS with Wirt during the charging stroke of the pump. and if it be ail 
oe see in extreme case. that the backward flow into the evlinds ™ t 
If this air is then idmitted to the other end of the evlinder and is such a rate as just to maintain the pressure ‘yo ee nos 
wire-drawn during admission, by the valve g, to one-quarter of | during the charging stroke, then after 10 revolutions the air would 
tmosphere, and then compressed to atmospheric pressure and inder adiabatic conditions, be raised to temperature of 16,600 
discharged through the valve h, the temperature of the air in the deg. cent. abs nd to a very high temperature unde 
pip will be 288 & 1.5 648 deg. abs. and its pressure there ditions rhe temperature attained owing t elias ol 
vill be atmospher in certain cases, be sufficient to caus elting In 
With five such double-acting pumps in seri« the temperatur the case of turbo-compressors, backward leakage d 
ir i ing the last pump at tmospheri pre ire would r fractured blade might raise the te perature (} Hy to 
be 16,600 deg. abs., providing the process could be carried out cause melting of the blades Stine Mielec, Glin: Wall ale 
under the conditions assumed for the first stag \ tually, the tion, Section G. August 1920. abstracted through 7) 
temperature of the air leaving the second pur p would | ipproni 130, no. 3374, August 27, 1920, p. 198, 2 figs., tpA 
mately 4600 deg. abs., and with our present materials and present ; eee ica . pai . 
types of compressors this is probably the upper limit at which the CLASSIFICATION OF ARTICLES 
enormous increase of temperature stated above by single-stage desnsintinn: ¢ eamesiaedel: a aeneedls & titactedl hi 


COMpression would require the pressure ratio to be about 1.040.000. matical ; ee es leila. 2 Meemestheel neste cig 
so that if the initial pressure was at one atmosphere the final especial merit are rated A by the reviewe Op 


would have to be 1,040,000 atmos. The multi-stage wire-drawing are those of the reviewer. not of the Society Che Editor Il be 


method di scribed above might be regarded as A thermodynamic pleased to receive inquiries for Se SE Sa RRS SE SRI HT 


ratchet. One possible application of this principle may be indi- — with articles reported in the Survey. 
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A Department Conducted by the Research Committee of the A.S.M.E. 


National Physical Laboratory of Great Britain Research Résumé of the Month 


(THE Report of the National Physical Laboratory for the A—Researcu Resuvts 

year 1919 has been issued. The report includes the report of the 
executive committee, a statement of the work proposed for the the origin of research information which has 
next year, a list of the papers published by the Laboratory or com- 


munications by members of the staff to scientifie societies or jour- 


The purpose of this section of Engineering Research is to give 
heen ecoml leted., to 
give a résumé of research results with formule or curves where 


lc th a i x : : such may be readily given, and to report results of non-extensive 
hnais, the report of the director, report of spec P , rage : 1 k . 7” | 

} i ( r,t! po! ( pecial work qaone = m re searches wi ich in the opinion of the investigators do not war- 

testing and other researches during the war. Che heads ot the 

‘ é , ; rant a paper. 

various Gepartments give accounts of the recent work in the labora- 


bite T] ee , it HE . Air A2-20 Blasting Granite with Compressed Air Report on investiga 
tory. he subjects covered are as follows: tion Serial No. 2154 by Oliver Bowles deals with the u f compr 1 
Physics Department: tir im the stir {f granit In gr t 1 \ 
‘ int r eo es CCUr tw j j 
I—Heat drilled « wet to a depth of about ht \ 
a High-Temperature and General Work of about nf f black blasti 
4h Thermometer Testing tamped wit! ind fired M peacgaeipatlce un e 
, ra ; hor » hole 
Oil-Apparatus Testing 
‘ ' t i t | 


[1—Opties 


li l—Radium and X-Ray Work m ins ol sulp! ir. i ail ) ipplied 


1V—Tide Prediction in upward pressul i ntinues the ¢ erm 
Library Address Bureau of Mines, Washington, D. C., F. G. Cot 1D 
‘ {pparat a ] 412.299 Method for M 3 
| leetricl \ 3) partment Diameter f Ris G on 4 met} 1 ef to 
Metrology Department sum of the diameter of which is slight urger t 
l-ngineering Department diamet a 
Aerodynamics Department x Hee } , oghe j 
iil ; placed the it , , , 
Met lure) Department of the rine. and on the larcer hea The differe: ; ” 
Che William Froude National Tank tion between the upper surfaces of the two balls letermined ‘ 
Copies of the Report at 5s may be obtained from the Imperial micrometer. This distance is easily converted 
. iets! , neo hetween the centara of the two halle Py . 
House, Kingsway, W.C. 2, London. ta betw al 
- distance between the two centers is determined fror the r ht-angled 
triangle formed by the vertical distan« horizontal distance and dis 
? ‘ : . tance between centers of the balls rom the above the diamete 
Petroleum Research unce between | From the moter 
of the ring is determined Bureau of Standards, Washi tor 1), ¢ 
The Petroleum Section of the American Institute of Mining Address S. W. Stratton. Director 
. . . - “ _ {pparatu and nel —ow 17 ”) Ouantitative Measureme t f ¢ 
ind Metallurgical Engineers held meetings in St. Louis on Sep- agrees Me B Crh ot r 
i ‘ ‘ sistency ne pureau of Standards has developed a met! il 
tember 21 and 22. An invitation was extended to the Petroleum quantitative measurement of consistency. This consists 
Division of the American Society for Testing Materials and the the material under investigation through a capillary tube by means 
American Association of Petroleum Geologists. The subjects of of air pressure Runs are made at various constant air pre irt 
Values which are deduced from the readings determine cor tar 


the papers dealing with researc f TS re as f S: rgene an 
ned ~<9% di ling ith resear¢ h oo utter wae follow Urgeney his does not determine the plasticity, and the Bureau is at work on 
for Deeper Drilling on the Gulf Coast, A. F. Lucas; Oil-Field a plastometer, Scientific Paper No. 276 and Technologic Paper 169 


Brines, Chester W. Washburne; Efficiency of the Use of Oil as as well as papers in the Proceedings of the A. S. T. M. for 1919-1920, 
Fuel, W. N. Best; Determination of Pore Space of Oil and Gas show the application of this apparatus. Bureau of Standards, Wash 
age aa oe gton, D. C. Address S. W. Stratton, Director 
Sands, A. F. Melcher; Outline for Analysis of Oil-Field Water as wre af ; te Al L-80 7 hed B a Br , \ 
‘ oa . ~ . , _ . Apparatus and ; amer l 4 / ere 2LLES Or , re ‘ t nen 
Problems, A. W. Ambrose; The Nature of Coal, J. E. Hackford; specimens are tested in polished state the impre ns from etched 
Extended Life of Wells Due to Rise in the Price of Oil, W. W. balls are very distinct, while those from unetched balls are almost 
Cutler, Jr.; Oil Shales and Petroleum Prospects in Brazil, H. E. invisible from certain angles. The steel ball is etched for about 
William . minute before the test in a 2 per cent aleoholie nitric acid solution lf 
, the specimens are not polished, preliminary etching of ba does not 
seem to be of much advantage. Bureau of Standards, Weshi ton 
R cana re ccnnia t 7 G “as nator D. C. Address S. W. Stratton, Director 
eseart ASSO Ons mre 
tesearch Associations in Great Britain (it ake Waites Mackie Abe ae Pacibiadins of Wiles Then 
In addition to those listed in the March and August issues of Bureau of Standards has devised a new apparatus to determine the 
: - ; rate of penetration of ter through building materials N mM | 
MEecHANICAL ENGINEERING (pp. 181 and 470), the following Re- ae oS penvtention of weter Guougn building mn 
: : . +4 form ot test piece is necessary if one tace of the sp men is tair 
irch Associations have received licenses from the Board of Trade smooth. A complete test of materials has not been made but from t 
inder Section 20 of the ¢ ‘ompanies Act of 1908: preliminary investigation the table below has been prepared 
The British Refractories Research Association, 14 Great George St., 8. W. 1; ime Re 
Secretar R. C. Rann. Absorption ired ! 
The Scottish Shale Oil Scientific and Industrial Research Association, He 4 Thick m.. arose a nscmrir igaas 
= 1 - . . . . ours icKness, re sure through 
135 Buchanan St., Glasgow; Secretary, W. Fraser, C.B.E. Test Specimen Per cent ; In Lb Wall 


The following Research Associations have been approved, a stone + 5 BO 60 10 min 
° ; 2 ° ° Amestone / ly 5.10 60 11 min 

but not licensed, in addition to those mentioned previously: Limestone 8907 +. 40 18/, 60 19 min 
-_ . a Limestone 9c +. 60 60 22/3 mit 
The sritish Electrical and Allied Industrial Association ame No. 5G ; 48 1 1 a" 
rhe British Silk Association Sandstone 5.56 ? 60 10 sec 
The British Motorcycle and Cycle Car Research Association 1:6 — gauencnme g ) 60 31 /o] 
rT ‘ . . ortar / d y 5 if 
Che British Cutlery Association. = "  peaknars a 5 60 * 

The following Associations are preparing Memoranda and Arti (a) Did not failin 24 hr.; when broken through water had penetrated but in 

= « ee cs i 4 “ ae 4 a 

cles of Association in addition to those previously listed: Fuels, Gas, Tar and Coke A11-20 Gasoline from Natural Gas. Factors 
Jute Spinners and Manufacturers in Determining the Gasoline Content in Natural Gas by the Absorp- 
Gray and Malleable Cast-Iron Founders. tion Method is the title of a Report Serial No. 2157 to the Bureau 
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of Mines by D. B. Dow 


should be considered in making absorption test 


This report deals with certain factors which 
to cde the 


termine yaso- 
line content of natural gas using “‘mineral seal oil’’ as the absorbent 
rhe method is described in Technical Paper 232, Bureau of Mines 
1919, by Dvkema and Neal The factors to be considered are the 


turation in the absorbent oil which should be as high as possible in 
the first compartment and low in the third and fourth compartment 
the loss in distillation, the rate of distillation, the temperature of the 
condenser and the stopping of the distillation by mear f the min- 
eral seal ring rather than by temperature reading The 1 in tem 
perature t 300 deg. fahr. should take between 12 and 30 min Che 


fahr sjureau of Mines, Was! 
ottrell, Director 
The Coal Fire Phe By 


igh its Fuel Research B 


held at 60 deg 
M. G. ¢ 
1/27-70 
Scientific and Industrial Research thro 
il Report No. 3 on 
Margaret Fishenden on Domestic Heating, the estiga 
the efficiency of fires 


heating ( pi at 4/3 be obtained from the In rial H 


eondenser should be 
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open 
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: rat 
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t ir wi ind f t | ™ t re 
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1.01 per ! Bureau s a 1 WV ID. ¢ 
Ad S. W. Stratton, Director 
General A Stench Warning in Met M a4 ] 
ner 1s. H. Katz have made a report on thi ibject Serial 2153 
to U Bur 1 Mine In order to send warni n engers 
electric lights, telephones, the interrupt the flow 1 
tir or the trodu I f water into the com; l-air 
beer ed. Experiments have just been made on the troduction o 
t mate 1 which would cause a strong odor or stench that could not 
be mistaken The liquids suggested have been et! mercaptan 
CH sSH ind amyl acetate Ethyl mercaptan | I i ms ad lahr 
and freezes at 228 deg. below zero It has a disagreeal 1 charac 
teristic skunk-like odor which will not be mistaken for odors common 
found in mines It can be obtained from certain chemical n A 
turers at $2.25 per Ib Amy! acetate may be obtained m an 
chemi supply house or from dealers in paints and lacquers Vhis 
has a banana-like odor which is not objectionabl but distinctive 


rests | number of 


tiveness of ethyl mercapt 
tive in a short 


ave been made in a large mines proving the effec- 
The amyl acetate tests were not so effec 
ethyl 
required for each 100,000 cu. ft. 


The 


metal 


an. 


time 1°/, pints of mereaptan or 3 pints of 
amy! 
the 


eylinder or 


acetate are iree air e1 


mine per minute 
airtight 


the line. 


injector is constructed of a stout s 
capable of withstanding the pres- 


It is connected above and below the liquid t 


cylinder 
sure in 
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air line with short z-in 
A ddre F. G. ¢ 
Paints, V 


ottrell Director 


1 Resins Al-20 Tale in Fire-I 


urnishes a 


resistant paint has been prepared | t! P 
sociation started through Henry A. Gardr t 
trial Research, Washington, D. ¢ nd Dr 
of St. Louis The formula for the paint is a 
ilphate white lead, 11 Ib. zine oxide, 3 
silicate or tale), 0.5 lb. borax, 0.9 Ib. dry | 
2 lb. liquid drier and 10 lb. 1 ral spirit 
cent of the } t is tak Altl igh ca la 
of ashest« The materia i tested a 
writers | rator See Report of the B 
2150 Addre Burea Mi Wa t 
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( RESEARCH PROBLEMS 
The: purpose of this section of Engine g 
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bring together those who have pr lems 


those who are equipped to carry on resear 


those desiring coéperation or aid will state 
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Design C2-20 Ball Bearings at High Speeds. The performance 


of ball bearings at from 7,000 to 25,000 r.p.m. is being investigated 
theoreticall b Panfilo Trombetta. Investigation of a theoretical 
nd experimental nature is desired Address Pantfilo | rombetta, 


General Eleetrie Company, Schenectady, N. Y. 
VV Vetallography C2-20 Cartridge Brass. Relation between 
rane t » strength and amount of cold work on cartridge brass 
cont r iS to 71 per cent copper, 32 to 29 per cent zinc, and not less 
than 0 OF per cent lead and not less than 0.05 per cent iron In the 
d condition the relation between hardness and grain size is 
Che relation between the amount of cold work, hardness and 
tens trength for metals of different grain size is desired. Address 
Ss. TJ r, Metallurgical Section, Office of the Chief of Ordnance, Wash- 

i t LD. ¢ 

V/ j ar V raphy C3-20 Overstrain in Steel. The effects of 
rstrain on steel and the influence of time and temperature on these 


statement that elastic limit of steel may be increased by 


cold work or by the application of excessive stresses is often made. It is 
| ed ww the physical characteristics of steel subjected to 
id wor r to excessive stresses above the elastic limit and the effect 
hich time and temperatures less than 600 deg. cent. have upon these 
I te Address 8S. Tour, Metallurgical Section, Office of the 


I Ordnance 


, Washington, D. C 


Dp 


this section of Engineering Research is to give in 


RESEARCH EQUIPMENT 


The p 


conelse 


irpose O 
form notes regarding the equipment of laboratories for 
mutual information and for the purpose of informing the profession 


ENGINEERING Von. 42, No. 11 
completed an addition to its research laboratory at its steel mills in 
Lockport, N. Y. The building is 40 by 50 ft. New equipment 
Sisting ola special-tyvpe electric melting furnace of S00 to SOO Ib. « 
city and electric heating furnaces with other equipment f ext i 


been added New 
formule and methods for making special steels are being w 


facilities for research and development work has 


rked out 


under the direction of an expert metallurgical staff 

Dochler Die-Casting ( / D1-20 Laboratories equipp for mak 
chemical and il tests of materi Pp " 1 in 
non-ferrous alloys and especially alloys used in die ¢ ting loehler 
Die-Casting ¢ mpany, Address Charles Pa Cl ( ( t 


Ninth and Huntington Sts., Brooklyn, N. ¥ 


RESEARCH PERSONNE! 
ly —Rest Lt 


The purpose of this section of Engineering Research is to give 
notes personal the personnel of various 
methods of procedure for commercial work or notes 


of a nature regarding 
laboratories, 


regarding the conduct of various laboratories. 


I’ — BIBLIOGRAPHIES 


The purpose of this Ser tion of engineering Research Is to Intorm 
In 


lve 


the profession of bibliographies which have been prepared 
general this work is done at the expense ol the Soci ty. Iexten 
bibliographies require the approval of the Research ( 


Ommittes 


Adai- 


All bibliographies are loaned fora period ot one month only | 
tional copies are available, however, lor periods ot two weet t 





of the equipment in various laboratories so that persons desiring members of the A.S.M.E. or to others recommended by mem- 
cial investigations may know where such work may be done bers of the A.S.M.E. These bibliographies are on file in. the 
Sip Si VJ D1 Simonds Manufacturing Company has just offices of the Society 
| A, Y ‘ Y ’ ‘ 
CORRESPONDENCE 
Ar a 4a 4 
AMONTRIBUTIONS to the Correspondence Department of MecuanicaL ENGINEERING are cited.  ¢ but 
particularly weleomed are discussions of papers published in this Journal, brief articles of current interest to mec! 
| 1 « gineers, or suggestions from members of The Ame rican Soci ty Ol Mech nical | | ers s to bet r 


Can Engineering Students be Given Broad Con- 
ception of Production and Management ? 

lo 

Mr. Benedict describes in his paper in the September number 


rHE [pIToR 

modestly offers as a partial contribution toward the im- 
His work exemplifies current 
systems of shop operation and management. This covers a con- 
siderable part ol the field of industrial engineering, but not the 
field. Engineers, and particularly mechanical engineers, 
are too apt to think of machine-shop operation as typical, il not 
inclusive result is that in those in- 
dustries which are quite dissimilar from the shop, engineers class 


what he 


provement of engineering schooling. 


whole 
of production generally. A 


themselves as mechanical men rather than as production men. 

li applications ol engineering are to be taught in the schools, 
as well as the shop should have attention. A 
mentioned: steel manufacture; the refining of 
petroleum products; the manufacture of pulp 
Shop methods cannot be applied, unmodified, in the 
production departments of these industries. 

Few schools if any can have model paper mills or sugar refineries. 


industries 


other 


verv few may be 
sugar processing; 


and paper 


They can teach, do teach and should continue to teach, the scien- 
tific principles underlying these and all industries. They must 
now also attempt to develop and teach operation and management 
principles. There must consequently be some study of operation. 
This cannot in general be carried on in the experimental way which 
Mr. Benedict develops for the shop. It must be done by industrial 
research or survey conducted by means of seminar or thesis assign- 
ments, including visits to manufacturing plants. These visits 
should be of a month or two in duration, not of an hourortwo. They 
will make graduates more immediately useful in the special indus- 
tries examined; but this is not the main point, or the chief function 
of the school, which should be concerned with the producing power 
of its graduate over his whole economic life. The real advantage 


of the study of typi al industries is in its broadening and stimulating 
effect, and in its confirmation or illust: 


ples 


ation of tundament prinel- 


To carry out such a program requires a rather unusual amount 
the and 
must not expect too much immediate or direct benefit. 


of cooperation Irom mnanulacturers, the manufact irers 


is about the long: st-range operation we have today 


The 


has just been announced by Columbia University, has beet 


new professional course in industrial engineering, which 


pared with some of these points in mind. Studes ar grouped 
under General Engineering, Machinery, and 
In the last group provision is made for 
factory, half the time as a student-worker and the balance in di- 
rected study and analysis, 


Business, 
four months, work in a 


1 


The major courses in this group are 
those dealing with manufacturing processes and it is interesting 
to note that the non-metallic industries 
the total time. Processes and mechanical operations ar 
and the characteristics of machines examined. In the 
of this graduate course each student selects and 
guidance, some particular industry. This need not be (although 
it often will be) a metal-working industry. The study will include 
a survey of commercial, financial and technical factors, with con- 
As a test of 
accomplishment, a final course aims to develop methods of analysis 


rully half 
inal zed 


are assigned 
third year 
studies, under 


templation of ways and means for improvement. 


by which the machinery and equipment may be selected for manu- 
facturing an assigned commodity according'to an assumed schedule. 
A part of the job is the preparation of a financial budget for the 
operation. 

The obvious reflection in connection with a program as ambitious 
as this is that it requires teaching of unusual type and scope. But 
with the right sort of handling the value of work of this kind should 
be very great. 

132 Naussau St. 


New York, N. Y. 


Wituiam D. Ennis 








The New Ford Plant at River Rouge, Mich. 


Notes of Interest Regarding the Features of This Unique Plant, Gathered Through the Visit of the 


Cleveland Engineers 


| VENTION + made in the last number of the recent excursion horsepower 
4+} ( | noing tr) ott it. na ‘ it to the { tl 
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\t the time of the excursion pamphlets were distributed by th 
George T. Ladd Co., Pittsburgh, Pa., on the boilers which they 
] : 
building for this plant, probably the largest boilers ever cor 
ted, with brief reference, also, to the superheaters and meth 
rr : . 
ring. The pamphlet states: same 
BorLers OF THE Power PLAN’ 
These boilers each contain 26 170 sq. it. of heating irl ‘ whi A wi 
iperheater heating surface, or surface of future « Wass wets setter 
I much as this heating surface is substantially all in the tube Mounted ove 
red for each boiler nearly six miles of 3!/s-in. tubing Steam will be & steel st 
1-4] 
erated at 240 Ib. per sq. in. and superheated 200 deg. fahr Hoor Ie 
lhe main steam and water drums are 5 ft. inside diameter by 2 
0%/4 in. long, with © /i-in. thick shell plates The steam is led from the Eacl 
two main top drums to a 36-in. steam drum equipped with two 10-ir one 12 in 
nozzles, which connect with the two saturated-steam headers of the super elements. 
heater. The header 
i rhe furnace, while irregularly shaped, is approximately 23 ft. by 24 in the center 
ft. inside by 55 ft. high above the ashpits. The combustion space allowe points on the b 


“d 
by this furnace, exclusive of ashpits, is about 5 cu. ft. per normal rated 
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Mechanical Engineering Changes Printers 

For the past ten years, MECHANICAL ENGINEERING has been 
printed at the plant of the Williams Printing Company, New York, 
one of the largest, best-equipped and best-organized printing es- 
tablishments in the country. The service which this company 
has rendered has been of the highest order and the careful atten- 
tion which its employees have given to the execution of the work 
upon MECHANICAL ENGINEERING has been all that could be de- 
sired, and deserves the highest praise. The rapidly rising cost of 
production in the printing industry, however, has made it seem 
advisable to the Publication and Papers Committee of The Amer- 
ican Society of Mechanical Engineers to have the printing done in 
a smaller city where the overhead charges and cost of living, and 
consequently cost of production, are lower than in New York 
Accordingly, this journal is now to be printed by the Eschenbach 
Printing Company, Easton, Pa., which, under the postal laws 
becomes the publication office. The editorial and business offices 
will remain at the headquarters of the Society, 29 West 39th Street, 
New York, and all communications should be to the New 
York address. 

It probably is not realized by the average person that the in- 
creases in costs in the publishing business have been greater since 
the beginning of the war than in almost any other line of industry. 
We are accustomed to think of the prices of commodities as 
having advanced about 100 per cent during this period; but if 
the cost of publishing had advanced only 100 per cent, those who 


sent 


issue periodicals would now be supremely happy and would have 
no cause for concern. The following items give the percentages 
of increase which have occurred since 1914 in the production of 
journals like MecHanicaAL ENGINEERING and indicate how 
has become the expense of issuing a periodical: 


great 


Per Cent INCREASE IN PRINTING Costs Since 1914 


Machine ( omposition P ‘ . 105 
Hand Composition 218 
Presswork. . ; : so. oe 
Binding ; ; ; ; iat 
Paper ioe keon ree 
Engravings (inch rate) ; Senay’ 110 
Engravings (minimum sizes)... ict ae ce ae 


The greatest advances have occurred during the past 
and to a large extent since the printers’ strike in New 


two years, 


York City 





12, No. 11 
last fall. Nevertheless, the Society has not only maintained 
MECHANICAL ENGINEERING during this trying period on the same 
basis and with the same complete presentation of its matter as in 
previous years, but in addition has made notable improvements, 
one of which is the inclusion of The Engineering Index. 

As for the new printers, the Eschenbach Printing Company 
has for many years handled the publications of the American Chem- 
ical Society and is well equipped for scientific work. Its facilities 
l.NGINEERING, 
and while it has not been possible to secure the complete installa- 


are to be enlarged to accommodate MECHANICAI 


tion of machinery and materials in time for the present number, 
new presses and composing-room equipment will shortly be in 
For this 
densed Catalogues, the superior appearance of which is evidence 
of the workmanlike manner in which its printing has been handled. 

In one respect, at least, 


place. several years past company has printed Con- 


it is hoped to render better service in 
the new location than heretofore, namely, in the distribution of 
MECHANICAL ENGINEERING through the mails. There hav 
frequent and annoying ce lays because of the congestion caused 


been 


by the tremendous amount of printed matter which has to be 
handled by the New York Post Office, a condition which do 
exist to a like extent in the smaller cities. 


Ss not 


The Superpower Survey 


[> 1905 Mr. W. S. 

man of the Superpower Survey, 
was called to the New York. New 
Haven and Hartford Railroad Com- 
pany to supervise the electrification 
of its lines adjacent to New York. 
This brought forcibly to his attention 
the economic 


Murray, chair- 


advantages resulting 
from the consolidation of power units 
for the electric distribution of power 
for industrial and railroad purposes 
It is therefore greatly to his satisfac- 


tion that Congress has authorized 

an investigation of the possibilities 

WiILtiaM 8S. Murray of the superpower system for the 
eastern section = ol the country, 

which is creating so much interest among engineers and others 


connected with oul industrial plants and transportation systems 
The 

an electrical regional power system applicable to the ind 

and railroads existing within the territory 

Washington and inland from the coast 150 

stallatign of high-powered 


proposed plan has for its central idea the construction of 


between Boston ane 
Il ile ~ 


high-economy tidewater ste 


1 nts 
hydroelectric stations, and steam stations located t the mouth 
of mines, all interconnected with a transmission system. and using 
also the large central stations now built and locater at the larger 
cities, such as in Boston, Providence, New York Philadelphia, 
and Baltimore, there can be integrated one great. re gional powel! 


system from which power can be delivered to the industries and 
railroads, 

The area above-mentioned is the most congested industrial and 
railroad district in the United States. Here are located hundreds 
of steam-electric power plants, mostly of small capacity, using o1 
a conservative estimate an average of 40 lb. of steam per kw-hr., 
as against the probable rate of 15 lb. when supplied from the super- 
power system. In Mr. Murray’s opinion the machine capacity of 
this district is 17,000,000 hp., of which 10,000,000 is industrial 
and 7,000,000 railroad. The load factor is not over 15 per cent 
instead of 50 per cent or more which would result if power wer 
concentrated on a single bus system and distributed therefrom 
to the industries and railroads. 

By such concentration of power there would also result an enor- 
mous saving in maintenance through the substitution of electric 
for steam drive in the factories and on the railroads, and also by 
the reduction of train-miles on the railroads by virtue of the 
ability of the electric locomotive to consolidate a greater tonnage 
in single trains. Automatically, also, labor and maintenance 
costs at the mines would be greatly reduced and cargo space on 











the rails now required for useless coal haulage released for othet 
li +1. ‘4 > 
CO ! whith 0 urgently needed at the pres 1Inh renin ry 
estimates indicate that the total annual saving rious 
re vould ageregate $300.000.000 
Facts such as these wer brought out at meeti ott \ 
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lve T to other districts in other parts « eountr 
d will ¢ tute one of the most important 1 ts evel 
leyve r the « rvation of our fuel ar r t mical 
duction of needed products. It will serve to spec Ip. increase 
ndt ntain production in this country at a high point of eff nev, 
nd give to the publie a service such as thev have a right to de- 
nd Prepared from notes supplied to MECHANICAL E-NGINEER- 
<G by Mr. Murray eprrol 
Engineers in Public Service 
It is gratifving to know that others besides engineet re coming 
t the type of mind and the training the ¢ nee! 
WV him tor responsible executive positions In the ser- 
pul We all know that, as city mat s, members 
cae fom! ions, etc.. thev have been — 
ring le and appreciated service 
It i fe to sav that Herbert Hoover is perhaps the 1 t widely 
vn and most generally admired public man, the world over, now 


\ member of The American Society of Mechanical Engineers, 
Mr. Norman J. Gould, is a member of Congress, and James Hart- 
ness, Past-President, Am.Soce.M.E., has recently been nominated 
by the Republicans for Governor of Vermont—a nomination which 
is generally coneeded to be equivalent to election. 

Governor Cox has said that when elected he will try to induce 
Mr. Hoover to enter his Cabinet; and that Governor Cox believes 
in engineers for executive work was further shown by an incident 
related to me in a conversation I had with Mr. H.S. Riddle, Mem. 
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Saving the Natural Gas 
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This thought w further advanced in a prov ati L by 


the Governor of Ohio 

In the same spirit was a conference held in September at Whit 
Sulphur Springs, West Virginia, attended by the pubi ervice 
commissions of the gas-producing states and representatives of 
the leading gas companies and gas associations Definite recom- 


mendations were made to the natural-gas companies for the coming 
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calling for efficient domestie gas appliances and 


classification of domestic and industrial consumers, and a survey 


winter, more 
of the territory served by the different companies. 

Still another phase of the situation is the law recently passed 
by the State of West Virginia, known as the Steptoe Law, which 
provides that the natural gas produced in West Virginia may not 
be used outside of the state until after all the requirements and 
demands of home consumers had been supplied. This law has been 
contested by the states of Ohio and Pennsylvania to enjoin West 
Virginia from enforcing their law, and the case is now pending in 
the Supreme Court of the United States. At a 
Mr. S. 8S. Wyer, Mem.Am.Soec.M.E., engineer for 
the U.S. Bureau of Mines, opposed the West Virginia law. 

At the conference at White Sulphur Springs, Prof. I. C. Church, 
state geologist of West Virginia, testified that from 75 to 90 per 
the 
The 
necessity for conserving the remaining available supply for the 


benefit 


hearing, 


recent 
natural gas 


cent of gas deposits in Ohio are gone, and three-quarters of 
known gas territory in West Virginia is already exhausted. 


of domestic consumers makes it apparent that the use of 
natural gas for industrial purposes must ultimately be discontinued ; 
even at present there are occasions during periods of extreme cold 
the insufficient for 
alone, which indicates that gas for house heating will have to be 


when gas supply is domestic consumers 
restricted in order to conserve the supply for cooking and hot-water 


heating. 


The Water Power Act 


With the passage of the Water Power Bill during the last session 
I , the way has at last been cleared for the development 
It is true 
Water-power 


‘ale of a hitherto neglected source of power. 
mast there has been some utilization of 
but for the part it has been confined to limited 
sections of the co intry. While this condition can be 
to the of fuel and transportation which formerly 
prevailed, the has been the 


our 
resources, most 
traced in 
part low costs 
controlling factor, nevertheless limita- 
tions imposed by the Government restrictions growing out of the 


r of the usurpation of national resources by private interests 
Heretofore Governnient permits for the development of 
thus the 


ventures. 


water- 
power sites have been revocable at will, and business 
world hesitated to embark upon The 


water-power bill, however, removes this uncertainty, as 


has such new 
licens s 
will now be granted for a term of fifty vears and at the end of such 
time may be renewed; or the Government, if it sees fit, may take 
over the development, giving, of course, proper compensation to 
the owners. Such a provision cannot fail to encourage investors. 
By the passage of the bill water power now comes to the fore 
as a national resource of the greatest importance, and to the end 
that its readers may be kept in touch with the latest developments 
in this field, MecHanicaL ENGINEERING presents elsewhere in 
this summary of the regulations governing the adminis- 


tration of the newly enacted law. 


issue a 


Ground Broken for Vehicular Tunnel Between 
New York and New Jersey 


On October 12, 1920, at Canal and Washington Streets, New 
York City, the first ground was broken for the vehicular tunnel 
to be built between New York City and Jersey City. 
mony was held under the auspices of the New York State Bridge 
and Tunnel Commission, George B. Dyer, Chairman, and The 
New Jersey Interstate Bridge and Tunnel Commission, W. H. 
Noyes, Chairman. 

The first work to be done on the tunnel is the construction of 
two ventilating shafts at the Manhattan end of the tunnel, located 
respectively at Canal and Spring Streets, near Washington Street. 
which are 60 ft. 


The cere- 


These shafts, and 54 ft. deep, respectively, will 
form permanent ventilating openings connecting with the tubes. 
The specifications show few material differentiations from the 
former practice in New York subway work. The chief change 
is in waterproofing, cotton fabric and asphalt being specified 
instead of burlap and coal-tar pitch because it is thought that the 
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hot asphalt in compressed air will give less trouble in the 
of fumes than the coal-tar pitch. C 
states that the type of ventilating shaft specified makes 


matter 
M. Holland, chief engineer, 
it feasibl 
for the subsequent tunnel work to be done either by the shield 
process or by the trench method. 


High-Speed Machinery 


| nile r the Ss irvey ol | ngineering Progress in the present issue 
is deseribed a single -stuge air 
speed of 22,000 r.p.m., 

coneern to South 
installation. The 
adopted for use in South America, where repair facilities are 


compressor, operating it a normal 
(American 


many respects this is If 


which has been shipped by 
(merica In 


very fact that a device of this character has been 


rhificant 


com- 
paratively scarce, and not always adequate, shows the confidence 
both of its makers and purchasers in the reliability of the apparatus, 
notwithstanding the fact that it runs at such great speed, 

Great speeds of rotation such as now met with in different types 
of apparatus have been achieved only by satisfying certain pre- 
viously prescribed conditions as to materials, p and 
When it is stated that in the blower 
at the tip of the rotor exert =tre 


tons, it 


workmanshi 
means for balancing, ete. 


referred to, one ounce due to 


centrifugal forces equal to something like will be 


realized that not only materials capable of withstanding these 
immense stresses must be used, but also materials not subject to 
fatigue within extremely severe limits; and still further, methods 
of producing parts that will insure a very great range of safety 

Special steels, such as nickel-chrome and nickel-cht liu 
together with great skill and care in the manufacture of ferro 
alloys, have solved the problem as to the raw material, whil 
in the instance mentioned, modern methods of forging enabled 
the shaft and blades to be produced out of a single piece, which 
helped materially in the direction of necessary exc 
manship. 

But before these tremendously high-speed 
made commercially practicable good deal of 1 | 
field of mechanics of fast-revolving parts had to be done It 
is only within the most recent time that engineers | ieceeded 
in obtaining a clear comprehension of the laws governing the critical 
speeds of shafts, whirling phenomena, and the b | neing of rot iy 


, , 
evolved methods tor observing 


parts generally, and have 


measuring dynamic unbalance and for correcting errors there! 


This 


skilful use 


was a somewhat tedious research, requiring an w 


of both mechanical and mathematical tools of im 
gation, and the success of modern high-speed machinery show 
how well this work has been accomplished. 

It should be clearly understood that the use of machinery running 


at speeds of 20,000 r.p.m. and upward is not merely an engineering 


“stunt” but is an answer to a very urgent requirement n some 
cases, as, for example, with blowers, it permits a more compact 
design of machine and achieves in a more efficient manner what 
could also have been done with slower-running nm.achinery. On 


the other hand, there are cases where a problem can be solved only 


by the use of such high-speed machinery, as, for ¢ xample, in the 
the Alexanderson 
telegraphy. There is another class of electric generators, namely, 
the direct-current where the ability 
to run at these high speeds appears to be a valuable characteristic 


case of high-frequeney generator for wireless 


commutatorless generator, 
The significance of such machines as the DeLaval blower and the 
Alexanderson high-frequency generator for wireless telegraphy lies 
just as much, however, in the fact that it shows to what a state of 
perfection modern engineering has arrived in the production of 
materials and parts capable of withstanding truly tremendous 
stresses, and in the comprehension of the hitherto obscure phe- 
nomena of dynamic balancing and critical speeds Of last-rotating 
parts. 


A natural-gas primer has been issued by the Stat Ohio for 


use in its public schools. This pamphlet, which was originally 
issued by the U. 8. Fuel Administration, deals in the simplest 
manner possible with the production and distribution of natural 
gas, the need for its conservation, and its economical use in the 
home. 
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Federal, Power Commission Adopts Regulations 
Commission Charged With Administering the New Federal Water Power Act Ant 


Adoption ot Ten Rules ( ‘overing Procedure to he Followed in the 
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Plans tor A.S.M.E. Annual Mee 


Meeting in New York December 7-10 to Consider Vital Transportation Problem—Newly 


cations to Woodworking and a Number of 


Hk tentative plans for the Forty-first Annual Meeting of rpowe ; W.S. Murray 
la ; ° , , } ¢ : . | | + +} 
The American Society of Mechanical Engineers to be held te to the pape \ MI ie 
‘ 4 : } pian a ipplied f railroads alone would | e 1 ! ! rtant ‘ 
in New York early in December are prophetic of the best nae on 
. , P . . — cokers /, Ley Vantage tt tin industrial and building heat t} \ t eam 
meeting in the history of the Society. The main points which and fuel it entral stations would be « ‘¥ > tne 
ire success lie in the importance of the topie selected for the reduced 
. . 1 1 1 ' } t} t the f« finite r 
Keynote Session and in the fine spirit of coOperation shown by the Mr. Myers bi it the need of a definite p va 
! v formed Professional Sections, which will present many ;, ' “ 
‘ . the s {1 I IW be exha ted in 20 t } md il 
\ l ie and mnteresting papers. first at rac 1 the tuminous. our t aOaas : will 
be the next to d pear. The author advocates educating tl bolic 
Keynote Session to the point where it will demand the codperation of the G ent 
‘ 
ee mservation of fuel, and in conclusion he presents for lera 
Transportation will be the subject of the Keynote Session tion and construct rit pted 
Industry in this country is being severely handicapped because vith the codperation of the Government 
of the lack of idequat transportation fa ilities, and from present DISTILLATION OF FUELS AS APPLIED To ¢ AL AND LIGN 0. P. Hood. 
tions it will take several veat for these facilities to eaten ; , ; A ee ote oi . rte temic : “fee 
1 1 y* “y 1 } } I tr . t ) the 
up with the increased traffic and the normal development whi j ie P on 
will take place within the next few vears her ron ny 
Several phases of the transportation question will be considered nxed carbon cal tat rice lower t t 
) | +) ] | " t t | ext i t iti nd other ! t 1 vas 
on a broad, economic basis and with a view to developing practi ple 
( t ires for impr ¢ the eondition Adar ‘ ; ‘ 
\ ! n the railroad situation; vw r transpor ! vt | j 
ling rivers, lakes and canals; motor-truck transportati: 1 


rminals and freight handling; the Greater New York transport ‘ 


’ } , } ‘ r j ft ' ir 
ho! roblem: the devel ypment oF 1 uilroad reeders; and a general . 
ldress in 1 nature of a résumé or study of the whole transport | 1 for . 
tion question in a large way. | I te art tin Siete 
. o » : . + . ‘ t 
Sessions of the Professional Sections ; is t 
Six of the newly formed Professional Sections have presented ory cee et es 
: . : p san : 1 Var | R ) 3 P ~ 
plans for vitally interesting sessions at this meeting. This mobiliz ; - A 
: , ; ‘ . ’ ON AND A I \ ( t G. G 1 J } Pp ’ 
tion of engineering skill for the discussion of the problems in thi R es ? ® ' : tedaee 
various subdivisions of mechanical engineering has greatly in st! lvancement. 71 intity 
creased the value of the meeting. of energy required in the United Stat is grown t i tu lous 
size that its pr nin the custom I I \ 
FUEL SECTION lifficult, aa reflected in uncertainti 1 risin Coal 
oan , ‘ . . — . il and water the major ire ‘ I eed ¢ t n 
The fuel situation of the United States demands careful atten- sidered in 1 ‘ re ee — - dias 
tion by every individual, and help in conservation can be secured the problem in nee the complexit t mathematical fun 
only by application of engineering principles. These points are tion with nine variabl Phe field of energy is an ece mic and tech 


; P ologic checkerboard, no area of which can be measured or appr 
clearly brought out in the four papers to be presented by the Fuel Pt ; rboard, no area , : en 1 or 
: y » ‘ > . " without due regard to all its associated components 
Section at the Annual Meeting, the following abstracts of which 


The energ tuation is therefore reviewed in this paper from two 
indicate the broad view-points of the authors. points of view, that of “form value,” defined as an intangible quality 
i . - expressing the broad applicability of the ener fort ntrast to 
Tue Furi Suppity oF THE Wortp, by L. P. Breckenridge.!| This paper ts ¢ 14 ‘Es é; B k 

Its heoretical hermal \ ue as commonly ‘XX Dresst in t.u inits;: 
presents the latest available data on supply, production and use of 1 eee ¢ ss 1. 55 fe yes te : sf 
; ' ; im resource value defined as an intangible quality expressing the 
various fuels of the world, particularly of the United States. It dwells , ‘ Ses 5 : 
; ; ‘ ; sae ae i , , ivallablity Of energy in terms of location and chemical character of 
primarily on supplies of various kinds of coal: anthracite, bituminous 3 : +} eeabee , 
: its sour¢ nd involving the potentia emice nt f sur 
lignite and peat rhe problems of diminishing supply of natural gas “rag , P 
: ~ poses oO multiple pr let rm ‘ ! T t 0 " 1 
ind oil are discussed lhe writer also touches on the evident impos- tion a , r : , 
, on am rat ortation, ane re irce vVvaiue are scu 1 as ( 
sibility of ever developing any considerable amount of water power in : 
: ; , ; factors in the development of a balanced energy suppl) Industria 
proportion to the total power requirements of that portion otf the . : . 
; ‘ ame ; analogies contained in the paper furnish the reader with practical ap- 
United States lying east of the Mississippi River The paper cl : , . 
: . . plications ol the theory set forth 
with a plea for thrift in the use of eval, setting forth how in a broad 
way the waste of fuel may be prevented. RAILROAD Srv PION 
‘ ‘ , 4 i 
IurL CONSERVATION, by David Moffat Myers.2. The results secured by 
‘ ; . , 
the constructive conservation of fuel during the war, a program In preparing its program the Railroad Section desires to bring 
vased on hurriedly formed and necessarily imperfect plans re an to bear the combined skill of its members in the advancement of 
ete vate what might be accomplished by thorough and — ideas and information that will be of benefit to all railroad men 
plans for constructive conservation in peace time. Some of the main wer ; , . é . . oa 
} ol ¢ ’Y 1 the soli I I "ro imi te problems e 
item f waste to be considered are found in (1 boiler plants 4 ‘oke nt the country n he olution ol thei l nmedia eC} el : Th 
. ) d y heating equipment; and efi g la- program includes the papers which are abstracted below and 
ovens ») Gomestic heating equipment; and (4) plants and i- prOeral 1CluG t pay Hen a a tra 1OW { 


tions m ing steam after its generation. Under the last item the vives ample opportunity for the discussion of situations through 
author nsiders th vaste of exhaust steam He emphasiz tl which railroad problems must pass before solution 
need for coi peration between the private plants needing both heat . 


and power and the central stations, which could supply both instead MoperNIzING Locomotive Ti RMINALS, by G. W. Rink.‘ This paper is 
of wasting some SO per cent of the heat of the steam into the condenser. a discussion of the problem of providing ade juate facilities for the 
In the case of the private plants producing a surplus amount of ex- proper maintenance otf locomotives at engine terminals The loea- 
haust steam, more power might easily be generated and sold to the tion, size and general layout is dependent on various elements, the 
central-station system. Fuel conservation, the author states, can two principal factors being character of work to be performed and 
never be satisfied by development of the central-power-plant idea location of the general locomotive repair shop. The necessity for 


alone; the privately owned plant is essential to economy. 1 Chief Mechanical Engineer, U. S. Bureau of Mines, Washington, D. C 

2? Consulting Engineer, Arthur D. Little, Inc., Cambridge, Mass 

1 Professor of Mechanical Engineering, Sheffield Scientific School, Yale University, * Industrial Economist and Engineer, Sinclair Consolidated Oil Corporation, 

New Haven, Conn New York, N. Y 
? Consulting Engineer, Griggs and Myers, New York, N. Y ‘ Assistant Superintendent Motive Power, Central R. R. of N. J., Jersey City, N. J. 
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Ing sSurTre Phenomenal success 
Cc is N 
a 
“TaN not } ‘ Lagts , » . 1 , : ; i > : » A : 
Organized Professional Sections Have Planned Interesting Sessions—Engineering Appli- 
. 8 8 a , sceall. ' », . >. 
Strong Miscellaneous Papers to be Presented 
providing modern facilities is discussed with a view of awakening an of new locomotives and the ynversion of 1 on not the opinion 
interest in this subject, which has an important bearing on the ability of the writer, a well-formulated polic I liffi 1 the fact 
of the railroads to handle the increased traffie demands of the country that shop facilities are inadequate 1 large amount t time and 
The introduction of modern labor-saving facilities not only makes money being consumed unnecessarily The problem f adapting the 
for economy in repairs, but shortens the time ne« ry to prepare old-type locomotives to suburban and local ser 1 and 
locomotives for service. The various structures which comprise the the items which are to be considered in any prog y asin 
terminals are treated separately with more or Il detail, | ng ir locomotive capacit ire listed Mr. Smith cites exan 
mind that the entire problem must be handled in such a way that it factory reconstruction which justify the improvement ad 
will be of service in modernizing existing locomotive termir is well vocated by him, and states that the application of tl 1 ‘ 
is to provide information of value in designing new ter1 ixiliaries to old engines is prohibit witl tar 
INCREASING THE Capaciry OF OL_p Locomotives. by ¢ , Smit] ; for carrying out such a progran 
high cost of railroading makes thi ibject of cr { rtance ApJUSIMENT OF VEHICLES ON Curves, by R. Eksergiar | wut I 
it the present t Phe usual polic vith reated + . ¢ ‘ r that 
Me il I Boston, Ma | Bald Loco Work | 
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Tuesday Evening, December 7 
Report of Tellers of Election and Introduct f the President-Elect 
Presidential Address 
Conferring of Six Honorary Member 
Presidential Reception and Dances 
Wednesday Morning, December 8 
Business Meetinc. Amendments to the Constitution, Reports of Standing Committees, Committe: n Code Et! I 
trial Relations, Education, Feedwater-Heater Standardization, et 
Wednesday Afternoon, December 8 (Simultaneous Sessions 
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BRASHEAR Memortau. Oration will be delivered on the life and work of the late Dr. John A. Brashear, Past-President, A.S.M.E. 


| 

| 

Wednesday Evening, December 8 
Thursday Morning, December 9 
KEYNOTE SESSION ON TRANSPORTATION. The following phases of the Transportation Pr em will be discussed suthoritic 
| this field: Railroads; Waterways; Feed: Motor Trucl lerminal Problem of New York Cit 

Thursday Afternoon, December 9 

| Continuation of Keynote Session on Transportation 

» Ladies’ Ts 1 and Dance 


Friday Morning, December 10 (Simultaneous Sessions 


DESIGN TEXTILE SECTION POWER ECTION 


DISASTROUS EXPERIENCES WITH LARGI Humipiry CONTROI IN TEXTILE PLANT SESSION DEVOTED TO CONSSDERATION F 
e CENTER-CRANK SHAFTS, Louis Illmer Author to be announced FuTuRE Devi PMENT OF POWER! 
Test ON REAR-AXLE WoRM DRIVES FOR Powe! APPLICATION TO FINISHING PLANT 
Trucks, K. Heindlhofer Leo Lo MISCELLANEOI 
FOUNDATION FOR MACHINERY, N MW TEXTILE FABRICATION FOR MECHANICAL Pus Tur CONSTITUTION AND PROPEI F 
Akimoff poses, J. W. Cox BorLeER Tus! 4. E. Whit 


Other Papers to be Scheduled Later 
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648 MECHANICAL 
lered in the lavout of a locomotive from the ispect of the adaption 
the running gear to a plane curve. The paper considers in detail 

t llowing points a) The geometrical limitations imposed for 
I with a proper wheelbase and the relation between lateral 
i d length of wheelbase, ete 4 the nature of the lateral reactions 
d between the various elen f the running gear for iriou 
wheel arrangements and curve the elementary requirements in 
the d layout and arrangement of the wheelbase, together with the 
r type of guiding trucks, ete ind the effect of the lateral 

on the running gear as to strength of axles, ete. 


MANAGEMENT SECTION 


The program of the session of the Management Section has been 
drawn up with the summarizing the life work of 
Henry L. Gantt and erystallizing the principles thereof for the 
guidance of the engineer. 

Of the President Miller has long been an apostle ot 
agement as expounded by Mr. Gantt and for several months 
previous to Mr. Gantt’s death with him. Mh 
Evans served in the Emergency Fleet Corporation during the war 
and there had an opportunity to give Mr. Gantt’s methods a 
thorough tryout. Mr. Polakov intimate with Mr. Gantt 
and is able to suecessfully interpret the fundamentals of his 
philosophy. Mr. Lucey was long a member of Mr. Gantt’s 
organization and directly in touch with his latest plans. Messrs. 
Butterworth and de Freminville students and 
his life and work. will have an ap- 
peal not only to the disciples of Mr. Gantt but to every engineer 
In industry, for the engineer has been the first to realize that the 
industrial problem is a problem of ‘“‘man,”’ and the understanding 


purpose of 


speakers, 
man 


Was associated 


was 


were close great 


admirers of The session 


Is now general that Mr. Gantt was the pioneer in applying the 
humanizing influence to management problems. 
MACHINE SHop SEcTION 
Papers on important points in machine-shop practice will 


ve discussed, and although the valuable paper by Earle Bucking- 
ham on the subject Side-Cutting of Thread-Milling Hobs is the 
only one at present selected by the Committee, we are assured that 
other valuable contributions will be received which will make up 
particularly strong session. 


TEXTILE SECTION 


\lthough this Section has not been formerly organized, its mem- 
bers have shown great interest, and the session to be held at the 
Annual Meeting will bring out four papers of practical value 
to the textile manufacturers. 


POWER SECTION 


At the time of going to press the plans for this session had not 

entirely completed. However, the subject 

will be Future Power Developments. 

four points of view, as follows: 

a) The Policy of Future Power Development, covering broad 
general aspects of future development and placing emphasis on 


heen for discussion 


Its treatment will be from 


fuel conservation and elimination of uneconomical generating 
stations. 

b) Effect of Load Factors on Cost, dealing with the economy 
in operating and capital charges due to diversity of load 
factors. 

Effect of Size of Plant on Cost, treating of high economies 
possible in large plants. 

d) Financial and Legal Aspects of Future Power Development. 


Miscellaneous 


As has been announced previously in MECHANICAL ENGINEERING, 
a session will be devoted to the discussion of the Principles of 
Engineering in Woodworking. This will give detailed 
information as to the proper application of engineering to varied 
subjects of the woodworking industry, and will emphasize the 
great need for further application of engineering principles to this 
industry. 


session 


In addition to the miscellaneous Annual Meeting papers, copious 
abstracts of which are included in this issue of MecHANICAL ENGI- 
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NEERING, there will be presented & paper by N. W Akimoff con- 
taining a detailed discussion of Foundations for Machinery. Mr. 
Roger M. Freema 
lavout of the 


W. Va. 


giving the general 


Plant at Charleston 


n will also present a paper 
S?20,000,.000 Naval Ordnance 


BRASHEAR MeMORIAI 


Dr John A. Brashear is 
\merican Society of Mechanical Engineers. 
Wedn sday has 
set aside for the honoring of a great man An oration setting forth 
in form for permanent record the lovable qualities and 
attributes of 


The greatness of 
The 


this in mind, 


worthy of fitting 


With 


been 


tribute by 


evening of the meeting week 
successful 


“Unele John” will be presented 


THURSDAY EVENING 


called Meetings 
Ing a meeting event on Thursday eve ning 
ms on Thi 
members 


Attention 


Committee in not schedul 


Is especially to the action of the 
J: 
This program permits the 


night it 


irsd i) 
the 


holding of College reuni 


desired and gives out-of-town 


meeting an opportunity to avail themselves of some 


, 
attending 
ot the 


various 
amusements which the metropolis offers. 


History of Naval Consulting Board Just Issued 


The Navy Department has just issued a 288-page book contain- 


ing a history of the « rigin and accomplishme nt of the Naval Con- 


sulting Board. Created in 1915 by the Secretary of e Navy 
and headed by Thomas A. Edison, this organization played a con- 
spicuous part in the development of war inventions and new de- 
vices. 

The formation of the Board, it will be recalled, was « ted With 
the aid of the national engineering and allied techinal organiza- 
tions, who selected from their membership men especially qualified 


to form the personnel of such an import 
Society of Mechanical 


engineers, for example. were represented 


by W. R. L. Emmet, a consulting engineer of the General Electric 
Company and Spencer Miller, of the Lidgerwood Manufacturing 
Company, whose work has been I: ree ly concerned with the desig 
and production of marine apparatus 
The history of the Board was written by Lloyd N. Seott, | 

Captain, U.S. A., who acted as liaison officer to the Board and the 
War Committee of Technical Societies from the Invention See- 
tion of the General Staff, U.S. A. Special emphasis is laid on tl 
fuel-oil investigation, the new naval station on the Pacifie Coast 


ship protection, the in 
of the board, and thi 
public. 


} 
members 


t} 


tiie 


ventive accomplishme nts of thi 
received 
Many of the special problems on which the Board 


meritorious Inventions Irom 
worked 
in close co6peration with Army and Navy officials are also reviewed 

The preface to the the pen of 
Daniels, Board in 


words 


volume COMES 


the 


Irom 
the 


secretary 


who writes of work of the following 


It would have been imy for the Na to have car ied o1 


part in winning the World War without the intelligent and patriotie con 
tribution of civilian thinkers and workers as well as civilians who enlisted 
in every department of naval effort Foremost among these civilian 
patriots stand the member the Naval Consulting Board Its mem 
bers gave themselves fully to the service of their country, bringing sci 


vledve 


tific and engineering knov with large experience touching the vital 
problems that confronted the Nav The membership of this Be ard was 
chosen by and from the foremost engineering societies in America, em 
bracing men whose achievements were of world renown The Navy, in 

deed the whole country, owes their scientific patriotism a debt not onl 

for what they wrought but quite as large a debt for the stimulus and in 

spiration they imparted to the naval personnel and to civilians enlisted in 
national service 


The Astoria Silk Mills of Astoria, L. L., have recently pur- 
chased the historic West Point Foundry, in Cold Spring, and will 
operate it with 700 employees. The foundry closed down a few 
years ago, after the A. B. & J. M. Cornell Iron Works had op- 
erated it for several years. The first locomotive used in New 
York State, the old wood burner De Witt Clinton, now on exhi- 
bition in Grand Central Terminal, was constructed there. The 
plant was rushed with war orders during the civil war making 
hundreds of Parrott guns. 

















The Federated American Engineering Societies Was Created 
To Consolidate The Engineering Organizations 
of America 


Is Your Engineering Society a Member of This Federation? 
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Last June delegates from 30 national and 41 local and regional organizations met and created THE FEDERATED AMERICAN 
E.NGINEERINE » SOCIETIES It is a going organization and on November 18 and 19 the first meeting of its governing body, the 
Ameriean Engineering Council, will be held at Washington, D. C. Will your Society be represented? Consult the list below and 





set The societies listed in bold-face type are those which are now members of the Federation. 
ORGANIZATIONS REPRESENTED AT WASHINGTON CONFERENCI IUNE 3 AND 4, 19 
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Engineering Division of National Research Council Issues Report 


Research in the Future to be Conducted by a Special Committee in Each Field 


Reorgani- 


zation of Division Opens Way for Greater Coéperation with Industries and Engineer- 
ing Organizations—Grouping of Existing and Proposed Committees 


“THE Division of Engineering of the National Research Coun- 

cil recently rendered to Engineering Foundation, which co- 
operates with it in its work, a report of its accomplishments to 
date and the lines along which it expects to develop in the imme- 
diate future. As in the case of many other fields of endeavor, 
research been greatly handicapped by lack of 
the Division, em- 


engineering has 
funds, and Comfort A. Adams, chairman of 


phasizes this fact in his report. He writes: 


The opportunities for service of great importance to our industries and 
to our country are almost appalling in number; but although the past ac- 
complishments of our committees constitute a very considerable contribu- 
tion toward such service, the progress in any particular case must be dis 
couragingly slow, without substantial financial support. 
very 


For example, the 
substantial accomplishment of the Welding Committee was due in 
considerable part to the financial support of the Emergeney Fleet Corpora- 
tion, amounting to over 340,000 for one year. If all of our committees 
were supported on this same scale, by contributions from the interested in- 
dustries, the annual contribution of any one company would be less than they 
pay in advertising during one month, and utterly insignificant as compared to 
the value of the results, as was true in the case of the Welding Committee. 
f Despite this lack of ad quate funds, the Division has carried on 
research in many fields, and that its future undertakings may be 
productive, the work now in progress is being reorganized on the 
group basis; that is, in each general field there will be a General 
Advisory Committee, with a small, active Executive Committee, 
under which will be organized the several Research Committees. 
These General Advisory Committees will also be the agencies 
through which the Engineering Division will endeavor to stimulate 
the industrial world to conduct the more commercial forms of 
research. Furthermore, in order to enlist the active co6éperation 
of the engineering societies, it is hoped to have each society accept 
as its own research committee the Advisory Committee in its par- 
ticular field. 

The grouping of the existing committees and of those in forma- 
tion is shown in the accompanying chart. The first group (S 
is largely made up of committees organized by Dr. H. M. Howe, 
formerly chairman of the Division, either during or shortly after 
the war. Several other committees of this group organized spec- 
ially for war work, completed their work and were discharged. 
The committees on Non-Ferrous Metals (NF), Fatigue Phenomena 
of Metals (I), New Hardness-Testing Machine (HT), and Pulver- 
izing (P), were likewise organized by Dr. Howe, and some of these 
might have been included in the Steel group, except that they ap- 
ply also to non-ferrous metals. 

All of these committees naturally come within the field of mining 
and metallurgy, and although they are not at present recognized 
Aas officially connected with the American Institute of Mining 
and Metallurgical Professor Adams states in his re- 
port that it is expected they will be coérdinated in the near future 
under a general group committee of that Institute. 

It is similarly expected that the Electrical Group (Ic) and the 
Highway Group (H) will probably be accepted by the American 
Institute of Electrical Engineers and the American S ciety of Civil 
engineers, respectively. 


engineers, 


None of the three societies mentioned 
committees of its own. On the other hand, 
the group dealing with Mechanical Engineering (M) 
was organized by The American Society of Mechanical Engineers 
and is being administered and financed by that society. 

The Alloy Research Association (AR) was first fathered by the 
Division of Research Extension and was intended to be an organ- 
ization of the interested industries and, after it was well started, 
largely independent of the National Research Council. At present, 
however, its activities are confined to an information service and 
its management is attached to the National Research Council, the 
Kengineering Division coéperating in this work. 


above has research 


howe 1 


The Society of Automotive Engineers is very much alive to the 
importance of research, but although some work has been done 
under its technical committees, the society is just now feeling its 
way in respect to the organization and 


conduct of research. 


The Society of Heating and Ventilating Engineers is also ae- 
tively engaged in research, most of its work being done at the 
Bureau of Mines’ Pittsburgh Laboratory, under the direction of 
Prof. John R. Allen. The society has collected more than $20,000 
per year from the industries for the conduct of this coéperative 
research, and the Bureau of Mines contributes space, facilities and 
assistance of about equal value. 
under way at the present time. 


Several researches are actively 


The Society of Refrigerating Engines rs is likewise thoroughly 


alive to the need for research, and although it has no research com- 
mittee, it has appointed Professor Rautenstrauch, of Columbia 
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University, as its representative on the 
organizing for research in this field. 
Finally, the American Bureau of Welding of the American Welding 
Society is also about to be re 
Committee on Welding to 
the research 
committees of the Division. 


Division, and he is now 


rganized as the General Advisory 
the Division of 
the 


aithough 


| ngineering, 


at present committees of Bureau are officially 
] 


CALIBRATION OF NOZZLES 


Continued from page 609 


greater the amount of moisture, the less the total weight of fluid 
that flows through the nozzle in a given time. Thus, when air 
flows through a nozzle from the atmosphere, the usual variations 
which occur in the amount of moisture contained therein produce 
appreciable changes in the weight of dry air admitted in a given 
time 

Based on an expansion exponent of n = 1.375, the rates of flow 
of dry air containing no moisture under the normal conditions of 
70 deg. fahr. and 20.92 in. mercury pressure, 0.07492 lb. per cu. 
ft. density, have been calculated for the nozzles, calibrated, and 
are tabulated in Table 1. 
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Engineering and Ind 
The Standardization of Safety Codes 
1)! RING the past ten or filteen years many states have passed 


laws providing for the compensation by employers of workmen 
injured while engaged in the duties of their various occupations. 
These laws are administered by the state boards, usually called 
industrial accident boards or compensation commissions, and an 
organization of these boards has been formed called the Inter- 
national Association of Industrial Accident Boards d Com- 
missions 


Some of these boards have not only administered the state laws 
respecting compensation but have also issued safety rules for use 
by the industries of their respective states. Such work is of great 
importance. Only a few states, however, have funds and technical 
staffs sufficient to independently prepare safety rules or codes and 
hence some states copy the rules of others with such change . 
seem necessary or advisable nd promulgate t | 
instruction nd supervision as they are able to give ese rules 
ire rev) if { ( time to. Ke the! ( f 
t] tate | pre I ad revise el | 
dive! e | rred ih | en ] g 
n ! hing 1 hiner l ( ‘ 
pected Vw the requireme te rile 

\ 1 the climination ¢ | ( 
of S cobperated during the war wit! \\ 
Dey t @ pore ration ¢ seve! | I CS 
for the use of the Government establishments.  lurt!ermore, 1 
order to get the judgment ol all those most active ! ich WOrk, 


the Bureau called a conference of approximately 100 organiza- 
tions interested in safety codes. This conference was held i 
Washington, January 15, 1919. The special question put before 
it was how the work of preparing safety codes could be carried 
out so that they might become national and be generally used 
throughout the country. The suggestion was made that codes 
be submitted for the approval of the recently organized American 
Engineering Standards Committee, and at a second conference 
held on December 8, 1919, a resolution was passed that safety 
codes for general use should be prepare d according to the procedure 
of that body 

A second resolution requested the American Engineering Stand- 
ards Committee to ask the International Association of Industrial 
Accident Boards and Commissions, the National Safety Council, 
and the Bureau of Standards to form a Joint Safety Code Com- 
mittee which should prepare a report giving a list of safety codes 
which should be prepared and recommending sponsors for the 
same. On January 3, 1920, the American Engineering Standards 
Committee took favorable action upon this request and formally 
asked these three organizations to form a committe 


This Joint Safety Code Committee was organized as an advisory 


committee to the American Engineering Standards Committee 
and has rendered valuable service. In its reports so far it has 
recommended the sponsorships for thirty-seven safety codes 
Recent activities of number of these sub-c¢ miitter re givel 


Safety Code « Po Presses. The National Safety Council 
which has been assigned by the American Engineering Standards 
Committee the sponsorship for the Safety Code on Power Presses, 
has requested The American Society of Mechanical Engineers 
to appoint two representatives to serve on the Sectional Committee 
The Society appointees are E. E. Barney, development engineer, 
Remington Typewriter Company, New York City, and C. N 
Underwood, executive secretary of the Clothiers’ Exchange of 
Rochester 

Safety Code for G nding Machinery. The American I-ngineering 
Standards Committee has assigned to the Grinding Wheel Manu- 
facturers’ Association of the United States and Canaca, and the 
Inte rnational Association of Industrial Accide nt Boards and Com- 
missions, the sponsorship for a Safety Code for Grinding Machinery. 
At the request of the Grinding Wheel Manufacturers’ Association, 
Walter B. Gardiner, mechanical superintendent, Lineoln Twist 
Drill Co., Taunton, Mass., has been appointed to serve on this 
Committee. 





ustrial Standardization 


Safety Code on Paper and Pulp M | 
Council 


sponsor for this code 
Society of Mechanical Iengineers t ppoint 
to serve on this Committee. 

Safety ¢ ‘ ) Loa ) mM) Q VJ 
of Standards was appointed sponsor | \ 
Standards Commiuttec rmulat s ( 
Sawmill Machinery The Bureau of St 
The American Society of Mechanical | 
representative to serve on the Sectional ¢ 
Dickinson, engineer, Lidgerwood M ! 


York City, has been appointed 
Mechanical Transmission of Power. The 
tion of Industrial Accident Boards and ¢ 


One of the most important 
standardization is the Internation Lire! st 
This Commissior composed of represent 
France, Great Britain, and Italy Phi 
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Japan awaits formal confirmation, and needless to say the partici- 


pation of America is greatly desired. The 1 
Commission will be held in Paris during Nov 
purpose of discussing America’s participation 
was recently held in Washington, D. C., whi 
the representatives of Government departn 
engineering organizations 


ext meeting ol the 
mber, and tor the 


therein a meeting 
h was attended by 


The meeting was called to order by A. A. Stevenson, chairman 


of the American Engineering Standards Com 
that the organization which he represented hax 


arrange for unofficial American representatlo1 


+4 any} +. 
mittee, wit . ated 
i been re iested to 


t the Paris meeting 


of the Commission, if it were found impossible to secure full and 
official representation. Mr. Stevenson tated that the Com- 
mission is planning to consider at the November meeting such 
general matters as the advisability of continuing it present 
lines, its relation to whatever organizations should be set up by 
the Air Convention, and the consideration of reviewing or modifying 
the references to the Advisory Technical Committes 

After a full discussion of various methods which were proposed 
for bringing the matter to the attention of the proper Government 
officials. and what method should be followed case ( ernment 
credentials could not be secured, resoluti wert I 
passed auth ing the chairman to apy committe not 
to exceed five to call on the chairman of the une N nal 
Defense and to present through him to t ( equest 
for the authorization of official representation at the P Cor 
ference The committee of five was also authorized to ré end 
in the ever VOI e consiceratiol { reque ! fhe 
representation, that the American Engineering Stan Com- 
mittee nominate members of the delegatior represent 
this country 

The conference also went on record as favoring unofficial repre- 
sentatives, in the event that official representati t be 
secured provided such a delegation would be permitte { it In 
at the meetings of the International Commission, participate in 
the discussion, and be entitled to the report of the proceedings 
It is also the sense of the conference that the American Ingincering 


Standards commission, acting on behalf of the 
appoint unofficial representatives. 
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Conference, should 











NEWS OF THE ENGINEERING SOCIETIES 


The Ninth Annual Safety Congress—Meetings of the Iron and Steel Electrical Engineers, 
American Society for Steel Treating, and American Chemical Society 
rh * ‘ . . hae 
Che Sixth Chemical Exposition 


Ninth Annual Safety Congress 


That safety must be incorporated into the civie and school life 
ind organized as a community activity is the 1920 slogan of the 
National Safety Council, under whose auspices the Ninth Annual 
Safety Congress was held in Milwaukee, September 27 to October 
1. Over three thousand men and women delegates attended the 
Two hundred exhibits in Mechanics’ Hall showed every 
safety device on the market. 
cil held sectional meetings, the sessions including those of engi- 
neering, public utilities, steam railroads, electric railroads, mining, 
rubber, metals, and the industries. Motion-picture 
films on safety subjects were shown in the Milwaukee Auditorium 


congress. 


The nineteen divisions of the ecoun- 


automotive 
during the days of the congress. Actual demonstrations by boy 
scouts of aecident scenes which the safety workers had pictured 
verbally to the delegates, closed the program. From the point of 
view both of number of speakers and Importance of the subjects 
discussed, this gathering was the most important in 
of the Council. 
schools is the work upon which the Council plans to concentrate 
It is expected that the fac- 
tory operative will thus have learned the principles of safety at an 
early age, and will be 


the history 
Making safety a part of the instruction in public 


its energies in the immediate future. 
influenced by the instruction throughout 
his life. 


Association of Iron and Steel Electrical Engineers 


Recent developments in electrically driven reversing mills 
were recorded at the fourteenth annual meeting of the Association 
of Iron and Steel Electrical Engineers, held at the Hotel Penn- 
sylvania, New York, September 24. A paper by K. A. Pauley 
on the Electric Reversing Mill Considered from the Standpoint 
of Tonnage gave an analysis of records on comparative runs in 
electric and steam mills showing that the electric mill can produce 
1 tonnage equal to or greater than the steam mill. Coupling 
these records with the advantages of the electric mill from the 
standpoint of lower power costs, lower maintenance cost, greater 
flexibility of control, etc., there is little doubt that the steam 
reversing mill is now as out of date as the non-reversing steam 
mill has been for many years. 

The educational committee suggested educating steel-mill elec- 
tricians as to means for minimizing delays due to failure of electrical 
Sample sheets of a practical electrical 
course being given to electricians in two large steel plants were 
included in the report of the committee. 

The electric-furnace committee pointed out possible improve- 
ments in operating details of electric-furnace work. The report 
was prepared from answers received to a questionnaire sent out 
to steel manufacturers. The data secured indicate that the greatest 
need at present is for better electrode economy. Lack of tensile 
strength seems to be one of the difficulties of electrode trouble 
caused by the lines of cleavage of the calcined anthracite coal 


equipment in steel plants. 


being in a vertical as well as horizontal direction, it being impossible 
at present to build an electrode where all the cleavage lines are 
horizontal. One of the chief sources of difficulty in furnace opera- 
tion is delays due to handling material to and from the furnace. 
These can be reduced by bringing the scrap on the furnace floor 
from the rear and adjacent to the furnace in small cars on tracks 
and using traveling cranes entirely for handling the steel from the 
furnace. 

In a paper on Some Economic Considerations in Design of Power 
Plants for Steel Mills, T. IE. Keating studied in detail the utiliza- 
tion of blast-furnace gas and the efficiencies and costs that may 
be expected to prevail in such an installation. Power transmission 
was discussed by A. L. Freret in Underground Transmission, 
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and by D. M. Petty in Transmission and Distribution of Power 
in Industrial Plants. 
on the roof of the hotel of representative ty pes ol electrical equip- 
ment for steel mills. 


A feature of the meeting was an exhibition 


American Society for Steel Treating 

The second annual convention of the American Society for Steel 
Treating was held in the Commercial Museum, Philadelphia, 
September 14-18, 1920, at which meeting the final steps of amal 
gamation between the Steel Treaters’ Res Society and the 
American Steel Treaters’ Society were consummated Prof 
A. Ek. White, of the University of Michigan, Ann Arbor, is president 
and W. H. Eisenman, of Ch veland, is secretary Phe headquarters 
at Cleveland 


arch 


of the new society are 


The large floor space of the Commercial Must mm Was gi n 
over to an exhibition of various manufacturers of steel-treating 
devices and materials. A number of Interesting sessions on the 
Various phases of steel treating were held in the 


\ssembly Hall. 
Among the papers was that of H. P. MaeDonald, 
vice-president, Snead & Co., Jers y City, N. J., who de 
method of heat-treating 


noteworthy 
seribed a 


aeroplane tubes by passing electric cur- 


rent through a tube to raise the temperature to the required 
degree, releasing the clamps holding the tube and allowing it to 
drop into the oil bath at the rate of one tube every 40 sec 

Dr. Charles W. Burrows, magnetic-research engineer, el 
orated a method for the magnetic testing of rails, cables, ete., by 


which blowholes, Sens, cracks, etc., Wwe uld iM re vented 


Doctor Burrows showed that the method was commercial, i much 


flaws. 


as only one minute was required per rail. 

T. D. Lynch, of the Westinghouse Co., presented a tentative 
specification for the manufacture of helical springs required to 
transmit the power from a motor-driven quill, through a flexible 
coupling, to the driving wheels of a heavy electric locomotive 
The analvsis suggested is as follows: C, 0.50 to 0.60: Mn. 0.60 
to 0.80; Si, 1.90 to 2.20; P, 0.04 max.; 8, 0.04 max 

The properties of a highly resistant 
by Charles M. Johnson, director « 


Steel Co. 


alloy steel were explained 


f research department, Crucible 
It is a complex alloy, with 0.3 to 0.4 per cent « irbon, 
which reverts to a homogeneous solid solution upon 
1300 deg. 


Anne aling nt 


eent., and which, upon tempering being continued tor 


several days, allows an @xcess constituent to divorce itself and 
become spheroidized. It is quite non-magnetic and resists staining 
and rusting remarkably. Although the metal can be forged, 


rolled or sheared in thicknesses 0.1 in. to 1 in., and is machinable. 
it offers a maximum resistance to prolonged heating at te mpera- 
tures up to 2000 deg. fahr. and is cut by the oxy-acetylene torch 
with the utmost difficulty. 

Metallurgical features of the manufacture of stainless sivel arti- 
cles were given by W. H. Marble, manager of American Stainless 
Steel Co. The analysis used is: C, 0.20 to 0.40; Cr, 13; Si, 0.30; 
Mn, 0.50. Chromium is the essential element furnishing the pe- 
culiar resistance to corrosion, tungsten and nickel being sometimes 
added for an increasing luster in polish. Ingots are box-annealed 
at 1380 deg. fahr., air-cooled, reheated to 2100 deg. fahr., and 
hammered carefully, never allowing the temperature to drop below 
1650 deg. fahr. Cooling after forging gives hard material, the 
higher the uninterrupted cooling the harder becoming the material 
tough forgings are now reannealed at 1380 deg. fahr., using all 
the precautions necessary for. high-grade steel, furnace-cooled 
to 1100 deg. fahr. and then air-cooled. This results in a Brinell 
hardness of 200. After machining and finishing the piece may be 
hardened from 1750 deg. fahr. in air, oil or water, depending upon 
the intricacy of the shape, and tempered at a suitable heat, varying 
from 280 deg. fahr. for knife blades to 1100 deg. fahr. for exhaust 
valves. 
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Other papers covered the Use of Quenching Fluids, the De- the Fede ration aid and encouragement, but that the field nel 


velopment of Alloy Steels, and Various Fuels for Heat Treating, ists and engineers were distinct and separate and t ( 
and symposiums were held which dealt with Case Carburizing better work could be accomplished without interk 
and Hig! Speed Steel Treatment. ganizations in these branche 


American Chemical Society 


\t the meeting of the American Chemical Society in Chicago, ments of precision, new chemicals and dy nd a t 
September 6 to 10, a fuel syinposium Was held at which a number machinery. displaved by nearly 500 exhibitor tthe Sixth N 
f papers were presented of interest to mechanical engineers. exposition of the Chemical Industries held in the G1 ( 
The following notes on this session are abstracted from the report Pala New \y S er 20 25 
in Power Plant Engineering for October 1 dence of the ¢ rol the « 
Dr. Har \. Curtis deseribed the proc ture « of the Uni State t] 
Cal |,’ the new smokeless fuel manufactured from bitumin- tion was for ly opened wit Lele vy Dr. iH 
! ing certain of the char eristics of ar t | Hert vi ring tl} t 
is prepared by crushing the soft coal and carbonizing it at the rela- chemicals totaled 8$1.250.000.000. of w h $24,000,000 


temperature ot {OO deg. fahr. During the carboniza- sented dve } +, . Dr. Hert len an 


rried out In a horizontal retort lined with carborun- dustrial resear (Conservative estimates 
aul the coal is continuously stirred and moved slowly through he expended tl} ear on industrial re 
! I eans of paddles mounted on steel shafts running housing and e pment t $295. 000.000 H 
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crease in amount in many cases. In 1919 there were about 225 
different intermediates produced, against about 140 in 1918. 
The session on Materials Handling, of which Roy V. Wright, 
Chairmam Committee on Meetings and Program, Am.Soc.M.E. 
acted as chairman, showed the influence on the cost of living of 
the use of costly methods of handling materials in the factory and 
at the terminal points. In speaking of the transportation prob- 
lem Mr. Wright, in illustrating the economy resulting from handling 
goods by machinery, pointed to the fact that the shipper and the 
consumer have the cars 2.6 times as long as the railroad actually 
requires for hauling them. If mechanical means were provided to 


supplement the human factor and increase the average output, 
he observed, it would be possible to do this work much more 
quickly, and thus relieve the congestion at the terminals and keep 
the equipment moving for a proportionately greater time each day. 

J. H. Leonard contrasted the perfection of the American rail- 
way machine with the “disgraceful” situation in the terminals. 
The roadbeds are the very best, the tracks are the fullest fruits 
of metallurgical science, bridges are substantial, rolling stock and 
motive power are the last words in design and construction, freight 
trains move expeditiously between points; but there perfection 
comes to an end. At the terminals trouble and expense begin 
congestion quickly follows, with the result that terminal handling 
costs far exceed the cost of movement. Mr. Leonard saw no r 
lief in sight with the recent announcement by the railroads that 
they propose spending nearly all of the enormous sums to com 
from the rate advances in the purchase of freight ears and loco- 
motives. New cars, he added, would mean nothing more than 
floating storehouses, for the terminals could not handle the freight 
that would come to them. The solution of the problem, accord- 
ing to Mr. Leonard, must be worked out with the cooperation of 
almost every branch of engineering, for it is a case of specific 
adaptations to specific requirements which a survey and study 
alone can properly determine. 

Two other papers were presented at the materials handling sec- 
tion, namely, Bringing the Food to the Table, by Rumsey W. 
Scott; and Cost Cutting with Conveyors, by W. T. Spivey. Of 
mechanical engineering interest were also the following papers 
which were presented at the other sessions: Recoverance: A 
Physical Property in Material and Its Importance, by Robert 
G. Guthrie; A Classification of Sheet-Steel Enamels, by R. R. 
Danielson; and Refractories, by Homer F. Staley. 


HEAT-INSULATING VALUE OF CORK 
AND LITH BOARD 


(Continued from page 626) 


reading in Fig. 3. This key represents a section through the test 
box and shows the points at which temperatures were measured, 
together with the reference number to the thermometer. 

The principal temperature readings obtained in the tests of 
Series 1 and 2 are shown graphically in Figs. 3 and 4, the results 
being plotted on logarithmie coérdinates. Fig. 5 represents 
the final results of the conductivity and heat transmission of the 
two materials tested. 


CONCLUSIONS 


The results of these tests are of special interest because of the 
low value of the external temperature, the average for all tests 
being approximately 10 deg. fahr. The mean temperature of 
the materials tested was approximately 40 deg. fahr. 

These tests indicate that the heat-insulating property of cork 
board is slightly better than that of lith board. For the samples 
tested the lith board has a conductivity approximately 5 per cent 
greater than that of cork board. 

The conductivity and heat transmission of the materials tested 
increases with the temperature. The change is small, however, 
between the temperature limits employed in this investigation. 

Any dist repancies in the results are more likely to occur at the 
lower heat inputs with their consequent small temperature differ- 
ences. 

Small differences in temperature materially reduce the heat 
flow. Under such conditions the rate of change in the adjust- 


ment of temperatures is likewise small and it is easily possible to 
assume conditions constant before they have properly adjusted 
themselves. This may result in serious error. 

The conductivities of the materials as determined in this inves- 
tigation agree fairly closely with those obtained by other inves- 
tigators. The United States Bureau of Standards, for example, 
gives the following values for the conductivity of cork board 


Conductivity, B.t.u. per in. per deg. per sq. ft. per 24 hi 7.4 
Density of material, lb. per eu. ft. 11.3 
Mean temperature of material, deg. fahr. (25 deg. cent 77.0 
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steam headers, both connections being on the same side of the boiler. 
From the saturated-steam headers the steam passes through the element 
and is returned to the 12-in. superheated-steam header and discharged 
at the sid Pi it wil it en rs t ! ‘ t} 
i lir I l ~ ij r Cir if 1 at ft I t 
correct steam distril t rh all the I nt 

Probably the m t and 1 eature 
the location of the Lhe re | 
prote ‘ted | st I row I z= 
the superhe er W“ st ted ra t } f I r 
t ! ter ! ! 1 at the sar til roy I 
s erheat wit 

A fe ire il ‘ I td i tI ' 
bend These t re 1 1, n tl ond 
metal of the pipe itself | rt special mechanical forging pr without t 
use of electric or et weld Phe ri t met 
return bends is such that there is an increased section in tl 
point where the hottest impinge Phe 1 ‘ i 
in the unit construction results in a continuous pij the 
actually tronger than the body of the pipe It als ifford i 
turn without adding excessive pipe friction and facilitate 


and advantageous location of the superheater units 
PULVERIZED-FUEL EQUIPMENT 

The boilers will be fired with a combination of pulverized coal and blast 
furnace gas A pulverizing plant of suitable capacity, using air separation 
mills, is being installed, and coal will be conveyed to the boilers from this 
plant by a series of screw conveyors 

Each boiler will be equipped with 12 ‘‘Lopuleo’’ feeders and 4 ‘‘Lopuleco”’ 
triplex burners, firing the coal vertically from the top They will also be 
equipped with 8 gas burners for the purpose of injecting blast-furnace 
gas horizontally through the side, the gas flame and the pulverized-fuel 
flame so uniting at the proper point in the combustion chamber as to very 
greatly improve and increase the efficiency of the blast-furnace gas 

The possible capacity ratings when burning powdered coal will be ex 
tremely high, as the firing equipment is of such a capacity as to burn com- 
pletely sufficient coal to produce 100 per cent rating continuou ly. It 
is probable that a high percentage of efficiency will be maintained thro 
the whole evecle of operation, as the efficiency curve when p verized fuel 
is properly handled is very flat from 50 per cent to 400 per cent of normal 
rating. The day operation of the boilers will be around 250 per cent of 
rated capacity. 





A national convention of Italian engineers was held at Naples 
on May 20-25 under the auspices of the Nations] Association of 
Italian Engineers. Among the topics discussed was that of Civie 
Activities of the Engineer. 

There were present at the convention numerous government 
officials, delegations of Italian engineering associet 
sentative engineers from all sections of Italy. 

The tenor of the addresses indicated a determination of thi 
Italian engineers to assume ‘a leading position” ia “technical and 
political” questions in Italy. It was emphasiz 1 by one of the 
principal speakers that to the engineers, who are by profession 
dedicated to the cultivati yn of the exact SCICTICE , belong 
alted position in all matters related to the general progr 
humanity. 

An incident of the convention was the reading by the chai 
man of a letter from the Federation of Italian Engineers, in which 
this organization announced that it had agreed voluntarily to it 
own dissolution, leaving. the way clear for the National Associa- 
tion of Italian Engineers to engage in the furthering of civie ac- 
tivities of engineers in national questions. 

fesolutions were adopted in which the desirability and impor- 
tance of engineers taking an active interest in civie questions of 
national character were upheld, and reforms were suggested in re- 
gard to the policy followed by the Department of Public Works 
of Italy. 
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nd Audrey A. Potter, of Purdue University. For the automotive 
MINE | P. Dutton and Company offer th Theory and Prae- 

of Aeroplane Design, by 8. T. G. Andrews and 8. I’. Benson. 
John W nds have a new edition of Pumping by Compressed 


] engineer has little 
Wiley and Sons 
Ralph G. Hudson, of 


, ly 
AWacddLO 


, the electric 


iuse repre- 

the autumn lists. John 

electricity Prof. 
stitute of Technology; and 
Prof. J. H. Morecroft, of Columbia University, 
Pinto, of Cooper Union, and W. A. Curry, of the New 
York Edison Company. The MeGraw-Hill Book Company 
announces the third edition of Dr. C. P. Steinmetz’s Transient 
Klectric Phenomena. The Vacuum Tube, by Dr. A. J. Van der 
Bijl, and a Course in Electrical Engineering, by Prof. C. L. Dawes, 
of Harvard. Spon and Chamberlain present The Strowger Auto- 
matic Telephone Exchange, by Mordin, a work of english origin. 
The Century Company announces two books by M. Luckiesh, 
of the General Electric Company, treating the subject for non- 
technical readers. Lighting the Home offers advice on all domes- 
tic lighting problems, while Artificial Light: Its Influence on 
Civilization, is a history of the development of artificial light 
and its influence on human progress. 

The mining engineer is offered various additions to his library. 
J. R. Finlay has prepared a new edition of his Cost of Mining 
(McGraw-Hill). Robert MeGarraugh on Mine Records 
and Accounts (McGraw-Hill). Steam Shovel Mining (MeGraw 
by R. Marsh, Jr., is a practical review of methods. Flotation 
(Wiley), by T. C. Rickard, will be of interest to many. A book 
that should prove very useful to those who expect to travel or 
work in Russia is C. W. Purington’s Vocabulary of Russian-English 
and English-Russian Mining Terms (Lippincott). This includes 
not only technical terms, but also those needed by the traveler 
and camper, legal and financial terms, and tables of weights. 
Political and Commercial Geology, and the World’s Mineral 
Resources (McGraw-Hill) is the work of J. E. Spurr, Editor of 
the Mining Journal. The oil producer will find that subject 
treated in the Geology of Petroleum (McGraw-Hill), by Prof. 
W. H. Emmons, and in Field Methods in Petroleum Geology (Mc- 
Graw-Hill) by Professor Cox, Dake and Muilenberg, of the Mis- 
sourt School of Mines. Prof. W. A. Grabau has prepared the first 
volume of a Handbook of Salt Geology (McGraw-Hill), dealing 
with an important question which has hitherto escaped adequate 
treatment. 

The construction engineer finds a new edition of Charles Evan 
Fowler's Ordinary Foundations (Wiley Reinforced 
Construction (Spon), by Cantell; a Handbook of Building Con- 
struction (McGraw-Hill), by G. A. Hool and A. N. Johnson; and 
Concrete Work, a book to aid self-development of workers in con- 
crete and for students in engineering (Wiley), by William K. 
Hatt, of Purdue University, and W. C. Voss, of Wentworth Insti- 
tute. 
sistance in George Thomas’ 
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Development of Institutions Under 
Irrigation (Macmillan), a history of irrigationin Utah. Studies in 
French Forestry (Wiley), by Theodore 5. Woolsey, df. the I-xecu- 
tive Member of the Interallied War Timber Committee, 1917 
1919, will interest foresters, and C. W. Murphy’s Drainage Engi- 
(MeGraw-Hill), will be welcome. Prof. T. R. Agg, of 
lowa State College, is the author of American Rural Highways 
MeGraw-Hill). A revised edition of the Manual for Testing 
Materials (MeGraw-Hill), by W. K. Hatt and H. H. Scofield, is an- 
nounced. 

The analytical chemist will look for Dr. A. D. Little’s Technical 
Methods of Analysis (McGraw-Hill), the Technical Examination 
of Crude Petroleum (McGraw-Hill), by W. A. Hamor, and the new 
edition of Rapid Methods for the Chemical Analysis of Special 
Steels, Steel-Making Alloys, Their Ores and Graphites (Wiley), by 
Charles M. Johnson. 

The new edition of A Dictionary of Chemical Solubilities—In- 
organic (Macmillan), by Arthur A. Comey and Dorothy A. Hahn, 
will be received with appreciation, as it has been out of print for 
several years and also needed revision and extension. The most 
noticeable general works are another volume—Volume 9, Part 1— 
of J. Newton Friend’s valuable Textbook of Inorganic Chemistry 
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Lippincott), probably the best general English tex reference 
use, and a thoroughly revised edition of Hollemar | | 
Organic Chemistry (Wiley), edited by A. Jan \\ 
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enlarged Red-Lead, and How to Use it in Paint 
W.B Applied Colloid Chemistry 

a subject whose importance is only beginning 
Hoyt has written Pa of his Metallography 
treating of the metals and common 


Bancroft’s 
to be realized. S. L 
MeGraw-Hill), 
alloys, Studies 
in Alloys is announced by the J. B Lippincott Company The 
Century Company is publishing The New Stone Age, by H. 1 
Howe, of the National Research Council, a non-technical account 
of the uses of 
reader. 

The same reader is the object of The New World of Science: Its 
Development During the War (Century 
the scientific advances made in surgery, communication and other 
arts, edited by Dr. Robert M. Yerkes, of the National Research 
Council. Another historical work is Hoogaard’s Modern History 
of Warships 

The Century Company announces two biographies of engineers 
Rose W. Lane and Charles K. Field have prepared The Making 
of Herbert Hoover: 
given to his early life 
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Canadian Pacifie Railway. 

ADVERTISING THE TECHNICAL PrRopuct By Clifford Alexander Sloan and 
James David Mooney. McGraw-Hill Book Co., Inc., New York, 1920. 


Cloth, 6 XK 9 in., 365 pp., illus., $5. 

advertising 
technical products, is a discussion of the more important factors 
of the problem. 
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An interesting 
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in the book. 


This book, the work of two men experienced in 


The subjects discussed are the economic elements 
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Hyprautic TABLES The Elements of Gagings and the Fri Water 
Flowing in Pipes, Aqueducts, Sewers, ete.; Flow of Wate Sha 
edged and Irregular Weirs and the Quantity Discharged. By Gard 


Third edition, revised John Wile 
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Ss. Williams and Allen Hazen 
and Sons. Ine., New York, 
plates, tables, $2 


The third edition of tables has been caref 


these well-known 


eorrected and revised in minor points, and a new chapter s been 
added, in which the additional data that have accumul | during 
the fifteen years since these tables first appeared are examined t 
ascertain whether changes ot adjustments in the formula are 


needed 
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tion By Macfarlane Knappen 
with an introduction by Rear-Admiral D. W. Taylor G. P. Put- 
nam’'s Sons, New York, 1920. Cloth, 6 K 8S in., 289 pp., plates, $2.50 


The story of the United States army-aircraft pre xluction program 
confident bitter 
failures and suecesses such as inevitably attend the creation from 
nothing of an immense industrial organization. Until the 
history of this undertaking is chiefly found in the voluminous re- 
ports of investigating committees, which overemphasize the fail- 
ures and undervalue the successes. The present book is an at- 
tempt to supply a less one-sided account of the army air effort, 
one which will give a readable report of the problem, the methods 
used for its solution and the net results obtained. 


is essentially one of hopes, disappointments, 
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